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PREFACE. 

I 

to 

Although it may be desirable that elementary chemis- 
* try should be completed before the professional college is 

entered this is impractical in case of many American 
> schools. The value of analytical chemistry in stimulating 

observation, power of discrimination, independence and 
self-reliance has long been recognized, as well as its ser- 
vices in affording an easy introduction to chemical work. 
It may, however, be carried on as a handicraft, without 
being of assistance in demonstrating the fundamentals of 
chemistry. The medical student not infrequently regards 
it as of no value except for the purpose of making anal- 
yses and for these he believes he will have little use. 
Though the importance of chemical analysis j>er se will 
probably always be slight, its points of contact with the 
other subjects in the medical curriculum are so numerous 
that, when rightly carried on, it not only stimulates interest 
in its own pursuit but gives a mastery over other branches 
which can be as easily attained in no other way. 

The chemical incompatibility of medicinal substances is 
so intimately related to their chemical reactions that for 
their intelligent use a thorough acquaintance with the latter 
is a prerequisite. The same is true of the chemical anti- 
dotes for poisons. For this reason the reactions are quite 
fully given here. The properties and methods of manu- 
facture of many substances employed for medical or dental 
purposes are also illustrated by the analytical reactions, 
which can therefore be used to impress them upon the 
mind of the student and thus make a connected chain of 
what is often learned as dismembered facts. 
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VI PREFACE. 

It is natural that chemical analysis for beginners should 
be differently conducted with professional students than 
with those who do not desire to apply it to any particular 
branch of knowledge. This book has been arranged for 
students of medicine, pharmacy and dentistry, much of 
whose territory is common. It assumes that some study 
has been devoted to general chemistry or that this is a con- 
temporaneous course. It is designed to furnish a scientific 
basis for more technical courses but not to supplant these, 
and to give the familiarity with chemicals and manipula- 
tive methods, which is so necessary for real success in 
some lines of medical work. 

There is no intention to make of the student an analyti- 
cal chemist or mere mechanical manipulator. In many 
cases the work is abridged, as in the detection of poisons, 
where only the principal ones are considered or those which 
best illustrate the methods of such analysis. At the same 
time no attempt has been made so far to cut down the work 
that, with a mere smattering of knowledge, the student 
finishes, believing himself competent to meet all problems 
that he may encounter. 

To accomplish the purposes outlined, series of questions 
have been inserted. The answers to these may be found 
partly in the experimental work previously done, and 
partly through reading in other departments of chemistry 
or of medicine. Others will suggest themselves to the in- 
structor and it is only by insisting upon such outside study 
that the greatest value can be gained from such a course 
as this. If followed out they are a stimulus to individual 
application, they prevent mechanical working without 
thinking, and, by connecting chemical analysis with general 
chemistry, materia medica, physiology, toxicology, and 
other departments of medicine, they help to make clear the 
unity of the complete course. 
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But few equations have been given, and those usually 
only the more difficult ones. These benefit the student 
only when he can write them for himself and he should do 
this as far as possible in the time allowed. For a similar 
reason no tables are given for finding without labor the 
results of volumetric analyses. To represent the metric 
system as something more than a theory and to prepare for 
its future practical use all measurements are stated in 
metric denominations. Degrees of temperature are given 
by the centigrade thermometer. 

While the length of the medical course often forbids any 
extended work in quantitative analysis some practical work 
in this is indispensable, partly in order to familiarize the 
student with the principles, partly because of its applications 
to other departments of medicine. Volumetric methods 
are admirably adapted for both these purposes and enough 
are given to illustrate the more common and to indicate 
how they may be extended. They include the preparation 
of the standard solutions, as well as the use of these, so 
that the student may, if necessary, be in condition to under- 
take the whole process in the practice of his profession and 
not be reduced to a state of helplessness if the emergency 
should arise. For the same reason, in a special table is 
included the preparation and testing of the qualitative 
reagents. 

To make the course more interesting, by showing some 
of its applications, chapters are added on the testing of 
water, the detection of poisons, and analysis by means of 
the blow-pipe. While the latter is of subordinate impor- 
tance for students of medicine and pharmacy it has, in this 
laboratory, proved itself of value is demonstrating to 
students of dentistry the physical and chemical properties 
of the metals and their alloys in a manner not possible by 
wet methods of testing. The length of the course can be 
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modified to fit the curriculum by omitting the less important 
parts or by varying the number of unknown substances to 
be analyzed under the separate divisions of the subject. 

The University of Iowa, 
September, 1901. 



PREFACE TO THE SECOND EDITION. 

The author has taken advantage of the demand for a 
second edition of this work to make correction of a small 
number of typographical errors which were found in the 
original. A few additions have been made, for the sake 
of greater completeness or where the suggestions of his 
colleagues have shown that it was advisable but the general 
plan of the book has not been changed. It is hoped that 
it will continue to commend itself to teachers. 

The University of Iowa, 
September, 1904. 
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TO THE STUDENT. 

i. Perform no operation without a reason. Ask yourself 
in advance the object, and afterwards what has occurred ; 
for example, in precipitating or washing, — what is re- 
moved? what remains? 

2. Do your own work ; use your own judgment, and let 
your neighbor do the same. 

3. Avoid the use of an excess of materials or reagents. 
Add the reagent slowly, as much as is necessary and no 
more. ' Do not use concentrated acids unless they are 
specifically called for. 

4. When a strongly acid solution, or one which gives 
an offensive odor is to be boiled, or when any acid solution 
is to be evaporated, do this under a hood that the gases 
may not remain in the room. 

5. Except for cleaning, always use distilled water. 

6. Always use pure chemicals for reagents, but never 
be sure that they are so without proving them. 

7. Never put platinum wire, stirring rod or other object 
into a reagent bottle. Do not return to the bottle any re- 
agent that has been removed. 

8. In using the reagents never lay the stopper down. 
Hold it between the second and third fingers and replace 
it immediately in the bottle. 

.9. Do not throw into the sink concentrated acids, strong 
solutions of mercury or solid refuse like broken glass or 
filter paper. Put them in the waste jar. 

10. Too great care cannot be exercised as to cleanliness. 
Have a cloth or towel and keep apparatus and desk in 
good order. Each student will be held responsible for the 
condition in which his desk is left. 
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INTRODUCTION. 

The object of chemical analysis is the determination of 
the chemical composition of matter. This determination 
may be either of the kind of its components, or of their 
amounts. The methods used for the former belong to 
qualitative analysis ; for the latter to quantitative. 

In qualitative analysis the substance studied is not only 
examined alone but it is subjected to the action of certain 
forces, or of chemical compounds called reagents. These 
are designed to make more evident the physical properties 
of the substance or to produce characteristic compounds or 
changes. All such phenomena, called the reactions of the 
substance, can be used in its identification. Before enter- 
ing upon the practical work of qualitative chemical analy- 
sis some explanation is demanded of the apparatus and 
reagents most in use, of the common processes, and of 
some of the terms employed. 

In the majority of cases, although not always, the quali- 
tative tests are made upon substances in solution. A solu- 
tion is formed when a solid, liquid or gas is taken up by a 
liquid so that it loses its usual physical properties and can 
no longer be perceived. Solutions are regarded as of two 
kinds, physical and chemical. 

Physical solutions are similar to those which result from 
mixing salt or sugar with water. There is no apparent 
chemical change in the substance dissolved, which is left 
unaltered when the solvent evaporates. In physical solu- 
tions of solids in liquids a rise in temperature, as a rule, in- 
creases not only the rapidity of solution, but also the amount 
of the solid capable of being dissolved. With solutions of 
gases in liquids the opposite is true and most dissolved 

ii 
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12 INTRODUCTION TO CHEMICAL ANALYSIS. 

gases will be driven out of solution by an increased tem- 
perature. 

Chemical solutions are such as the one formed when 
zinc is acted upon by an acid. The metal disappears but 
unites with the solvent so that when the latter evaporates 
an entirely different substance from the original one re- 
mains. In this case heating lessens the time of solution, 
but does not increase the amount of metal dissolved. In 
chemical solutions of gases, however, the gas is often ex- 
pelled by heating, the compound being thus decomposed. 

A concentrated solution is one in which the solvent con- 
tains a large amount of the dissolved substance ; a dilute 
solution, one in which the amount dissolved is small. When 
the solvent contains as much of the dissolved matter as it 
can take up it is said to be saturated. A solution which 
has been saturated with a solid at a high temperature 
ordinarily deposits a part of the solid if the temperature 
falls. A few, as the temperature is decreased, will hold 
what has gone into solution, until the liquid is shaken or 
some solid matter is introduced, whereupon a large quan- 
tity of the dissolved material separates from the liquid. 
Solutions containing this excessive amount are said to be 
super-saturated. Where a solid remains floating in a 
liquid without dissolving it is said to be suspended, or in 
suspension. 

Most solids which have been dissolved in a liquid and 
which afterwards separate through a change in tempera- 
ture or a decrease in the volume of the solvent are crys- 
talline in form. Such a method of preparation is called 
crystallization. A crystal is a solid which has a regular 
form bounded by plane surfaces, the angles between these 
being constant for the same species of crystal. Large 
crystals are produced only when they form slowly. It has 
been found that impure solids after having been dissolved 
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in water or other fluid and then allowed to crystallize leave 
most of their impurities in the liquid or " mother-liquor" 
so that this affords one of the best methods of purifying 
such substances. 

For making solutions and for heating liquids the chemist 
commonly uses test-tubes, beakers or flasks of glass or 
dishes of porcelain. Test-tubes are made of thin glass 
and are designed to be heated in contact with the flame 
without breaking. The flame should, however, not be al- 
lowed to touch the tube above the liquid, since it easily be- 
comes superheated there and breaks if moistened later. 




Apparatus for solution. I. Test-tubes in wooden support. 2. Beaters. 
3. Iron stand with adjustable rings for supporting objects while they are 
heated. On one of the rings is a sand-bath. 4. Flasks. 

The heat should not be applied to the bottom of the tube 
alone, as the steam bubbles thus produced might suddenly 
force the hot liquid from the tube, but all the parts of the 
liquid should be heated by moving and turning the tube in 
the flame. On account of this same danger the examina- 
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tions of the boiling substance should be made from the side 
and never from above and a test-tube while boiling should 
never be pointed toward another person. A tube half full 
can be brought to the boiling point while it is held in the 
fingers, although holders are sometimes used. If one is 
desired it can be made from a strip of paper which per- 
mits the rotation of the tube. 

If long boiling is requisite a beaker is to be preferred to 
a test-tube. As these are somewhat thicker on the sides 
than at the bottom, they are not so well adapted to being 
heated in contact with the flame. They may be supported 
by an iron wire gauze or plate, which can be heated to a 
low redness without danger to the beaker if it contains a 
liquid. As with any other glass vessels they should not 
be heated above the liquid. Instead of the gauze or plate 
a sheet of asbestos is sometimes used, or a sand-bath, — that 
is a shallow iron dish with a thin layer of sand which dis- 
tributes the heat evenly to the vessel. The two latter, al- 
though they are safe, waste more of the heat than does the 
gauze. Glass flasks can be used in the same way as the 
beakers. Evaporation is less from these than from beak- 
ers, which is often desirable. All glass vessels composed 
of the ordinary German glass are somewhat attacked by 
boiling water, and especially so by alkaline solutions. 
If great accuracy is desired those made of a resistant 
glass should be substituted for the former. Dishes of 
porcelain are but little affected by the ordinary reagents 
even at the boiling point, and the danger of their breaking 
is much less. A further advantage is that they may be 
heated with the naked flame. Liquids heated in them for 
a long time, however, suffer a considerable loss by evapo- 
ration. 

Evaporation is the process by which a volatile substance 
may be separated from a less volatile solid or liquid, the 
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more volatile compound being allowed to escape. It may 
take place slowly at the ordinary temperature as, for ex- 
ample, when tinctures become more concentrated, through 
loss of alcohol, by standing in open bottles. It is hastened 
by the higher temperatures and is most frequently carried 
on by this means in chemical operations. Thus it is made 
use of in removing from solutions an excessive amount of 

Fig. 2. 




Apparatus for evaporation. 1. An extemporized steam-bath — a beaker 
of water on which a dish can be heated. 2. A copper steam-bath with 
tubes supplying water and allowing the excess to escape, thus maintaining 
a constant level. The funnel above excludes dust. 3. A sulphuric acid 
vacuum-desiccator connected with air pump. In front are evaporating 
dishes of porcelain, platinum and glass. 

a volatile acid like hydrochloric, or even of one which is 
less readily converted to a gas, like sulphuric, in which 
case to effect its removal the liquid must be evaporated to 
dryness. When a liquid is to be evaporated a wide and 
shallow dish should be used as the vapors most easily pass 
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off from this. From a test-tube, on the other hand, evapo- 
ration is slow, the vapors condensing above to the liquid 
form, and flowing back into the tube. It is often advisable 
to conduct the process at some definite temperature, for 
instance not above ioo° ' in order to avoid burning or de- 
composition. This may be done by placing the liquid to 
be evaporated in a 'dish and setting this on a vessel in 
which water is boiling, known as a water-bath or steam- 
bath. For small operations a beaker will answer for the 
Fig. 3. 



Apparatus fer distillation. A flask connected with a Liehig's condenser 
and provided with a thermometer for showing the boiling point of the 
liquid which it contains. 

lower vessel. All evaporations of injurious or offensive 
gases should be conducted in a hood or fume chamber, — 
1 In this work all temperatures are given in the centigrade scale, where 
the freezing point of water is at o° and the boiling point too . 
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an enclosure connected with a ventilating shaft. Aqueous 
solutions can be evaporated at low temperatures by plac- 
ing the dish over a vessel of some substance which has an 
affinity for moisture, like strong sul- Fig. 4. 

phuric acid, and placing over the whole 
an air-tight cover. This is called a 
desiccator. The process is much has- 
tened by exhausting the air from the 
apparatus. 

Distillation is similar to evaporation 
except that the expelled volatile sub- 
stance does not escape but is collected 
by being again condensed to a liquid 
through cooling. This is commonly 
effected by passing the vapors into a 
tube which is surrounded by circulating 
cold water. If a thermometer is sus- 
pended with its bulb in the vapor dur- 
ing distillation it indicates the boiling- 
point of the liquid. This, with the 
melting-point, is of the greatest value 
in the identification of many com- 
pounds, especially the organic ones. 
The melting-point is determined after 
heating a short, small glass tube to 
redness in the middle, then drawing it 

out to a very small diameter. A piece 

,,. , , ,, .... Apparatus for the 

of this, closed at the lower end, holds d e i erm i na tion of the 
some of the powder beside a thermom- melting point of a 
eter-bulb in a liquid, like water or solid - 
sulphuric acid. By heating gradually until the powder 
melts, then reading the temperature, its melting-point is 
ascertained. 

Precipitation is the process of changing dissolved sub- 
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stances into the insoluble state. It may be without chemical 
change, as when the dissolved matters of tinctures are pre- 
cipitated by water, simply because they are insoluble in 
the latter. Or, on the other hand, the precipitate may be 
a new chemical compound which has been produced by the 
mutual decomposition of two dissolved substances, as when 
red mercuric iodid is formed by mixing a solution of po- 
tassium iodid with one of corrosive sublimate. Both 
varieties of precipitates are important in medicine and 
pharmacy but the latter will be the ones most frequently 
illustrated in qualitative analysis. They are usually heavier 
than the surrounding liquid and consequently settle to the 
bottom but some of the flocculent kinds float for a long time 
before sinking. Precipitation is valuable as a means of 
identifying an unknown metal since by this means char- 
acteristic compounds often appear ; it is used to separate 
one substance from another by converting the one into an 
insoluble form ; it is also of use in the preparation and puri- 
fication of medicinal as well as other substances. Thus by 
the addition of a soluble carbonate to a calcium solution 
" precipitated chalk," a very pure form of calcium carbon- 
ate, is produced. When used for separation the filtrate 
must always be tested with more of the reagent in order 
to be certain that precipitation is complete. 

A precipitate or other undissolved solid can be separated 
from a liquid in which it is suspended by filtration. To 
accomplish this the mixture is poured upon some porous 
material which allows the fluid to pass through but retains 
the solids. A porous paper is. the most common filtering 
agent. It is supported in a glass funnel of such an angle 
that if a circular piece of the paper is folded in the center 
and then again in the center at right angles to the first 
fold it will when opened make a cone-shaped paper funnel 
which fits the glass exactly. To obtain the most rapid and 
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clean filtration it should be made to adhere to the sides of 
the funnel by moistening it with fluid of the same kind as 
that to be filtered and pressing it against the glass. It 
ought to be of such a size as not to reach quite to the rim 
of the funnel. The only ones of the common reagents 
which attack the cellulose of which the paper is composed 
are concentrated acids or strong solutions of sodium hy- 
drate or potassium hydrate. The cheaper filter papers 
contain compounds of the metals, such as calcium and iron, 
and these may be dissolved by reagents which are being 
filtered, thereby rendering the latter impure. Where great 
accuracy is important the paper is, therefore, previous to 
being used, washed with hydrochloric or hydrofluoric acid 
to remove the impurities. 

When it is desired to obtain the solution — called the fil- 
trate — as quickly as possible without saving the precipi- 
tate, the plaited filter can be employed. This is made by 
folding double as before, and then into eight or sixteen 
folds, bending the paper each time in the same direction. 
Then each division is folded in the opposite way, without 
pressing at the tip, to avoid breaking, so that the filter 
looks like a closed fan. When it is opened the hollow 
cone has fluted sides, giving twice the surface of the plain 
filter. A plug of absorbent cotton loosely placed in the 
funnel is also convenient for obtaining the filtrate when 
the precipitate is to be discarded. Cotton consists, like 
the paper, of cellulose. Liquids which decompose cellu- 
lose should be filtered through asbestos or glass wool. 

Many precipitates are so gelatinous that they clog the 
filter and the filtration proceeds very slowly. By passing 
the stem of the funnel through a rubber stopper into a 
vessel in which a partial vacuum can be created, the solu- 
tion can be more rapidly drawn through the filter. The 
air may be exhausted from the vessel below by means of 
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a filter pump or aspirator attached to the water faucet of 
the laboratory. To avoid breaking the paper its tip must 
then be supported by inserting below it in the funnel a cone 
of platinum, muslin or some other strong material. It 



Fig. 5. 




Apparatus for filtration. 1. A funnel fitted to a filtering flask which 
is connected with a pump for the production of a vacuum and conse- 
quently an increase in the rapidity of the filtration. 2. A support holding 
funnels for filtration. 3. Washing bottles. In front are packages of 
filter paper with two plaited filters. 

should be remembered that a hot solution generally filters 
more rapidly than a cold one. 

After the precipitate has been collected on the filter it is 
usually necessary to further purify it by removing the 
liquid with which it is saturated and which contains soluble 
matters. This is done by washing, generally using for this 
purpose distilled water, the hot being ordinarily preferable 
to the cold. The water may be poured on from any vessel 
but is most conveniently applied from a washing-bottle. 
This is constructed of a bottle with a stopper perforated 
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with two holes. Through one a long, bent tube passes 
to the bottom. It is contracted to a narrow opening at the 
outer end and serves for the exit of a jet which is forced 
out by blowing into the other opening through a short tube. 
By such a small stream the precipitate can be thoroughly 
mixed with the water and, if so desired, can be rinsed 
from the paper. For cold water any thick glass bottle of 
convenient size will serve, but if it is to be heated a thin- 
bottomed flask must be employed. Washing with hot 
water is more effectual than with cold. To ascertain 
whether the washing is complete a drop of the filtrate can 
be evaporated on a platinum foil and the amount of dis- 
solved matter observed. 

Sometimes when, in spite of the above methods, the fil- 
tration is very slow, it may be better to wash by decanta- 
tion, — that is by letting the precipitate settle, pouring off 
the liquid without disturbing the solid and repeating as 
many times as is necessary. With heavy compounds like 
those of mercury this can be done very rapidly. 

In order to produce certain chemical changes, or in the 
preparation of some substances, a higher degree of heat is 
required than that of boiling water. Even fusion, or melt- 
ing, may be necessary. In many qualitative tests where 
small quantities of material are used the substance may 
be supported on apiece of charcoal, porcelain or platinum. 
The first necessitates the aid of the blowpipe ; the second 
breaks too easily ; the third is preferable because, while it 
is itself affected by few reagents and there is no danger of 
breaking, it permits a high heat to be attained. A pair 
of forceps or tongs will support it long enough in the flame 
to accomplish the fusion. With large quantities of ma- 
terial, or where the heating must be long continued a cru- 
cible can be advantageously substituted. These are most 
commonly made of platinum, porcelain, or clay. 
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Platinum is attacked by chlorin or by any mixtures, 
like aqua regia, which produce it. This is true not only 
during fusion but from solutions at low temperatures. It 
will also be affected by heating with fusible metals, since 
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Apparatus for fusion, i. Porcelain crucible. 2. Hessian or clay cru- 
cibles with a pipe stem triangle leaning against the middle one. On this the 
crucible can be supported while it is heated. 3. A graphite crucible. 4. A 
platinum crucible with cover. In front are forceps and crucible tongs. 

these form alloys with it. Reducible compounds of such 
metals mixed with carbon should not be heated in plati- 
num nor should the fusible sulphids or the caustic alkalies, 
all of which combine with it. 

In the absence of illuminating gas the alcohol lamp will 
serve as a source of heat since it does not smoke cold 
objects held in the flame, while giving a great deal of 
heat. With gas, which is more convenient as well as 
cheaper than alcohol, the Bunsen burner is used. This 
consists essentially of a base, from which the gas is de- 
livered by a small opening, and above this a tube with 
openings near the base through which is admitted the air 
which then mixes with the gas. This mixing brings about 
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the complete combustion of the carbon compounds of the 
gas, none being left to be deposited as soot, a high tem- 
perature being thereby produced. The openings below 
should be so regulated as to allow entrance to enough 
air to change the color of the flame from a yellow to a 
light blue. More than this lowers the temperature. With 
an excess of air, too, the flame often "strikes back" or 
burns within the tube at the bottom, changing in color first 

Fig. 7. 




1 23 4 5 

Sources of heat. 1 . Two forms of Bun sen burners. 2. A cluster of five 
Bunsen burners for greater heat. 3. A Bunsen burner with iron chimney 
to shut off drafts of air. 4. A blast lamp in position to heat the platinum 
crucible above. 5. A gas furnace for more intense heat with larger cruci- 
bles. In front are two forms of blowpipes. 

to a yellow, afterwards to green. In this case the gas 
must be turned off, the size of the air vents reduced and 
the burner relighted. 

For higher degrees of heat the blast-lamp will be ad- 
vantageous. This is similar to the Bunsen burner, except 
that the air is forced in through one tube while the gas 
enters by another, the two mixing just before they are 
burned. A bellows or water-blast will furnish enough air 
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for this. For large crucibles there is less waste of heat 
if the crucible is surrounded by a fire-clay box or furnace 
and the flame from the blast-lamp is forced in below. 

For the better examination of the products solid sub- 
stances are occasionally heated or fused in a matrass. This 
is a glass tube closed at one end, thus resembling a small 
test-tube. It is made from a piece of straight glass tubing 
about 12 to 15 cm. in length and with 
a bore of about 4 mm. If this is heated 
in the middle until it is thoroughly soft- 
ened, turning continually, it can be 
drawn apart while in the flame into two 
such matrasses. The long point can be 
removed by touching it while red hot 
with another piece of glass. It should 
be used for only one fusion. 

The flame of the Bunsen burner is 
not only a valuable agent as a heat- 
producer but also for the production of 
chemical changes. If the holes below 
are closed so that no air enters, the 
flame is luminous but smoky, deposit- 
ing a coating of unburned carbon or 
soot upon a cold object held in it. The 
temperature is then not very high because 
The flame of the °^ tne incomplete combustion. As air 
Bunsen burner show- is admitted the yellow color disappears 
ing the four zones. ant j i y Le fl ame becomes blue. There 
is an increase in temperature and objects heated are not 
smoked. An examination shows this flame to be composed 
of several parts, (a) At the base, within, is a blue cone 
varying in height with the amount of gas. This is a 
mixture of air and gas which is not being burned. If a 
splinter is thrust into it and held there it will burn at the 
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margin of the flame before the ignition of the inner end 
occurs, (b) This cone is outlined by a line of lighter blue. 
Here combustion is proceeding but not complete, there 
being present unburned carbon compounds of the gas. 
Under these conditions they will reduce oxygen com- 
pounds, that is remove the oxygen from them (reduction or 
deoxidation). This part of the flame is called the reducing 
or deoxidizing zone. A copper wire oxidized by holding 
it above the flame until it is black will lose its oxygen and 
its dark color after it is held a few seconds in it. (c) Out- 
side the zone of reduction lies a wider zone, the hottest 
part of the flame, since in it combustion is complete. It i 
called the zone of fusion and should be used when heat 
alone is desired, (d) The outer margin of the flame is 
bluish white and rather indistinct. There the air is in ex- 
cess and it is consequently able to oxidize, or give oxygen 
to, metals or other substances heated in it. It is called, 
therefore, the zone of oxidation or oxidizing zone. 

In a similar manner the mouth blowpipe is made use of 
in effecting chemical changes. It is merely a bent tube of 
metal with a small open- _, 

ing through which air can 
be blown into a flame and 
the action of the latter can 
be thereby modified. The 
flame to be used is the yel- 
low one made by closing 

the holes of the Bunsen The oxidizing flame produced with 
burner or by slipping into ,he btew P'P c {c,,ior ' '^ ht b,,,e »- 
it a smaller tube with a narrow opening above. This lat- 
ter is preferable since less gas will be necessary and the 
flame can be better directed. To obtain an oxidizing 
action the yellow flame should be about 5 cm. high (2 
inches) and, with the tip of the blowpipe just within the 
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flame, enough air should be used to make it blue, direct- 
ing the blast through the greatest diameter of the flame. 
With the blowpipe also the blue flame should be employed 
when great heat is desired. For the reducing flame per- 



The reducing flame produced by the blowpipe (color, yellow). 

haps fifty per cent, more gas should be used ; the blowpipe 
should be held outside the flame and only enough air be 
forced in to make the flame horizontal, not sufficient to 
change the yellow color to a blue. The reducing action 
is due here as in the Bunsen-burner flame to the incom- 
pletely oxidized hot carbon, 

Since chemical action proceeds more readily between 
dissolved compounds than solids the reagents are in most 
cases used in solution. Unless for some particular reason, 
large amounts of these, and concentrated solutions, should 
be avoided. The dilute acids as a rule give better results 
than the concentrated. When the latter are required such 
directions will be given. In separating two or more metais 
an " excess" of the reagent must be used, but this does 
not imply an excessively large volume or weight. It 
means merely enough to do the work for which it is added. 
If this is precipitation enough must be used to completely 
remove the precipitable elements and the solution must 
afterwards be tested with more of the reagent to make sure 
that this has been done. If it is to acidify or make alka- 
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line a solution, the reagent should be slowly poured in and, 
after mixing, tests should be made to determine whether 
the liquid has the proper reaction. 

The reaction of a solution or other substance is ascer- 
tained by its effect upon colored compounds, the one most 
commonly in use being litmus paper — that is paper colored 
blue, red or purple with a vegetable coloring matter, — lit- 
mus. If the liquid turns this red it is said to have an acid 
reaction ; if it turns blue the reaction is alkaline. It is 
possible to make use of other colored substances besides 
this and a number will be so used in this course of study. 

Soluble acids redden litmus paper, but an acid reaction 
in a liquid does not necessarily prove that a free acid is 
present, for other compounds can produce the same result. 
An acid is a compound of hydrogen with one or more neg- 
ative (non-metallic) elements ; and in the acids the hydro- 
gen can be displaced by metals or similar substances and 
thus form a salt. 

Zn + H 2 S0 4 = H 2 + ZnS0 4 . 

Salts are therefore seen to be composed of a metal, or a 
similar substance, united with the negative part of an acid. 
They can also be formed by the action of an acid upon a 
base, which latter consists of a metal, or a group of ele- 
ments of similar properties, combined with OH. In such 
cases water is produced at the same time. 

NaOH + HC1 = NaCl + H 2 0, or 
2NH 4 OH + H 2 S0 4 = (NH 4 ) 2 S0 4 + 2H 2 

In aqueous solutions such as are commonly used in 
analytical chemistry, we understand that the inorganic 
acids, bases and salts undergo a partial decomposition into 
their positive and negative components which are called 
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ions. These differ from the chemical elements in that 
they do not separate from the solution in such a way as to 
be visible. The degree of dissociation increases with the 
dilution and these ions are necessary for the reactions, in 
fact, without them there would probably be no chemical 
change in solution. Sulphuric acid, for instance, disso- 
ciates when diluted with water into hydrogen and S0 4 . 
But if no water is present it is not dissociated and then the 
above reaction of the acid on zinc will not take place, as 
can be seen by putting zinc into concentrated acid. Just 
so with the other reactions of qualitative analysis, such 
as those for which the equations have been written, — in 
dilute solutions the compounds are mostly dissociated into 
ions. Thus in the above reaction between NaOH and 
HC1 there would be in solution at first the ions Na + OH 
+ H -f CI and after the reaction Na + CI and water. 
This law of dissociation however does not apply to insol- 
uble substances or precipitates. Accordingly the equa- 
tions which follow have been written as if the elements 
were always united in compounds, but with the under- 
standing that those in solution have, to a greater or less 
extent, undergone this form of decomposition. 

The bases which are soluble in water change the color 
of red litmus paper to blue, or are alkaline in reaction ; the 
insoluble bases do not affect the color. 

Besides those changes where oxygen is removed from, 
or added to, a substance chemists sometimes speak of re- 
duction or oxidation where other negative elements, like 
chlorin, are so removed or added, thereby decreasing or 
increasing the valence of the positive element. With some 
of these the reaction occurs when the dry substances are 
heated or triturated together. With others the change is 
effected in solution, either by the aid of heat or at the 
ordinary temperature. It may take place suddenly or may 
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require a long time for its completion. When the oxidizing 
agent is in the solid form the union may go on so rapidly 
as to cause a dangerous explosion. The production of 
either an oxidation or a reduction when medicinal sub- 
stances are prescribed together is one form of incompati- 
bility. 

An incompatibility in a prescription is caused by such a 
selection or combination of the components that the usual 
action of these is modified or prevented and undesirable 
results follow. The incompatibility may be a pharmaceu- 
tical one, where there is no chemical change but a physical 
one, such as the separation of soluble matters from their 
solution. A therapeutical incompatibility occurs where 
drugs are prescribed together which are antagonistic in 
their physiological action upon the system. The third 
class, or chemical incompatibilities, is the only one with 
which this work will deal. In these the ingredients of the 
prescription act upon each other in such way as to pro- 
duce a chemical change. .It may not be a visible one, both 
or all resulting compounds remaining in solution ; or, as is 
true in most instances, it may be perceptible. Some of the 
most common examples are those produced by the action of 
oxidizing agents which act both in dry mixtures, when ex- 
plosions often occur, and in liquids. They are also caused 
by reducing agents, and in addition by those which with- 
out oxidation or reduction form insoluble substances or 
gases. In this manner the nature of the mixture may be 
entirely changed, perhaps being rendered inert on account 
of lessened absorption through its insolubility or, on the 
other hand, made more active or even poisonous through 
the formation of new compounds or by collecting the active 
principles in a precipitate which is taken with the last doses 
in the bottle. At times the incompatibility in a prescrip- 
tion is intentional, one of the ingredients being designed to 
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precipitate another, as in the combination of lime water 
and mercuric chlorid in the preparation of yellow wash. 
This, however, is infrequent. Many, although of course 
not all, of the chemical incompatibilities of medicinal com- 
pounds are illustrated by the reactions performed in the 
course of qualitative analysis. A thorough study should 
be made of these for the purpose of discovering such as 
are common or possible. 

Where one or the other of the compounds entering into 
a reaction is a poison the results obtained in the following 
tests may often be used in the selection of an antidote. 
This may act by forming an insoluble compound with the 
poison and thereby preventing its absorption, by forming 
an inert compound through union, or by more complete 
decomposition of the poisonous substance. Only a knowl- 
edge of their chemical properties will give the physician a 
mastery over the subject of poisons. 
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QUALITATIVE ANALYSIS, 



CHAPTER I. METALS. 

THE PREPARATION OF SOLUTIONS FOR ANALYSIS. 

In dissolving solids for analysis no general rule can be 
given except that the weakest possible solvent should be 
employed, and of that only as much as is necessary. Heat 
is generally of great assistance in effecting solution. It is 
advisable first to learn the best solvent by testing small 
amounts of the solid, and, when this has been ascertained, 
to use as much as is desirable for the analysis. Solvents 
may be tried in a test-tube in the following order, always 
warming the liquid, and using separate portions of solid 
for each test. 

i. Water. 

2. Dilute hydrochloric acid. 

3. Concentrated hydrochloric acid^ (2-4 cc). Warm 
gently, afterwards dilute with water and boil. 

4. Nitric acid, first dilute, then concentrated. 

5. The residue from 3 in dilute, then concentrated nitric 
acid. 

6. Aqua regia. 

If concentrated acid is necessary it should be largely 
removed, by evaporating nearly to dryness under a hood, 
before proceeding to the analysis. If the solid dissolves 
in two separate solvents, the solutions may be mixed for 
the analysis unless this causes precipitation. 

31 
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GROUP V. 
The Alkaline Metals, Potassium, Sodium and Ammonium. 

Almost all compounds of this group of metals are soluble 
in water, consequently they can rarely be identified by the 
formation of precipitates. Their hydrates, carbonates and 
also sulphids are alkaline in reaction. 

Potassium, K. 

Use a 5-per-cent. solution of KC1 for the following re- 
actions. 

i. Dip a looped platinum wire into a potassium solution 
and hold it in the outer part of a Bunsen flame. The color 
of the flame above the substance becomes bluish-violet. 
Look at the flame through one or more thicknesses of blue 
glass (cobalt glass). The color is not destroyed by the 
glass but becomes a more distinct violet. No other metal 
will give these results, although many organic compounds 
give a luminous flame which appears of a similar color 
through the blue glass. The organic matter may be first 
destroyed by burning and then the residue tested for po- 
tassium. 

2. Platinic chlorid, PtCl 4 , precipitates potassium salts 
from neutral or alkaline solutions, if they are not too dilute, 
in yellow octahedral crystals of potassium platinum chlorid, 
K 2 PtCl 6 . The addition of alcohol renders the precipitation 
more complete. 

Sodium, Na. 

Use a i-per-cent. solution of NaCl for the test. 

3. Compounds of sodium give an intense yellow color to 
the flame when volatilized in it, as in the potassium tests, 
on a platinum wire. This color does not pass through a 
blue glass providing the latter is of sufficient thickness. 
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Ammonium, NH 4 . 

Use a 5-per-cent. solution of NH 4 C1 for the reactions. 

4. When ammonium salts, either solid or in solution, are 
. heated with sodium hydrate, NaOH, they are decomposed, 

ammonia, NH 3 , being liberated. 

NH 4 C1 + NaOH = NH 3 + NaCl + H 2 0. 

This is identified by its characteristic odor and also by its 
turning blue a moistened piece of red litmus paper sus- 
pended in the mouth of the test-tube in such a manner that 
it does not touch the inside of the tube. The hydrates of 
the alkaline earths and also of potassium will likewise set 
ammonia free from its compounds. 

5. Platinic chlorid precipitates from neutral or acid 
solutions of ammonium salts, when they are sufficiently 
concentrated, yellow octahedral crystals of ammonium 
platinum chlorid, PtCl 4 (NH 4 Cl) 2 . It is similar to the cor- 
responding potassium compound. 

6. All dry ammonium compounds are volatilized or 
decomposed when heated on platinum foil or a piece of 
porcelain. 

7. A few drops of Nessler's reagent added to 10 cc. of 
a solution of an ammonia compound gives a brown precip- 
itate, NHg 2 I. The test is so sensitive that one part of am- 
monia can be detected in a million of water. With such 
dilute solutions there is no precipitate, but only a yellow to 
brown color produced. 

Practical Exercise in the Analysis of Group V. 

Mix in a test-tube 5 cc. 1 each of solutions of potassium, 
sodium and ammonium. Warm half of this with sodium 

1 It 16 advisable that the student should, at the beginning of his course, 
determine the volumes of his test-tubes and other vessels in metric meas- 
ures and thereafter use only these measures in chemical work. 

4 



34 INTRODUCTION TO CHEMICAL ANALYSIS. 

hydrate and observe that ammonia is set free, as from the 
single solution. Make the flame test with the other half, 
observing color both with and without blue glass. The 
sodium yellow is seen without the glass and the potassium 
violet with it, neither interfering with the other. 

Questions for Further Study on Group V. 

To be answered by the student. 

How do you explain the destruction of the yellow light 
by the cobalt glass, while the violet passes through un- 
changed? What kind of chemical reagents turn red lit- 
mus blue ? Why does the paper act more quickly if moist ? 
Why should it not be allowed to touch the inner wall of 
the test-tube ? Could the practical exercise above be used 
to determine the composition of an unknown mixture where 
K, Na and NH 4 might be present or absent? Can the dry 
sodium and potassium compounds be freed from ammonium 
compounds by heating to a high temperature? What 
compounds of the alkali metals would be incompatible with 
acids? What would be the best for neutralizing acids? 
What property of a chemical compound prevents its ap- 
pearance as a precipitate? What compounds of am- 
monium can be identified by the odor? Which of the com- 
pounds of the alkali metals are suitable for internal use as 
antidotes in case of poisoning by the mineral acids ? 

GROUP IV. 

The Metals of the Alkaline Earths, Magnesium, Calcium, 

Strontium and Barium. 

Their oxids are soluble in water (Mg only slightly so), 
and the solution has an alkaline reaction. The phosphates 
and carbonates are insoluble in water but soluble in acids, 
except sulphuric, the carbonate yielding C0 2 and neutral- 
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izing the acid. Their arsenates and arsenites do not dis- 
solve in water. None of them are precipitated by hydro- 
gen sulphid or ammonium sulphid. 

Take for each test j-4. cc. of the solution of their salts. 

Magnesium, Mg. 

Use a 5-per-cent. solution of MgCl 2 for the reactions. 

8. From solutions of magnesium salts ammonium car- 
bonate precipitates, on standing or warming, magnesium 
carbonate, variable in composition but usually MgC0 3 , 
3 H 2 or (NH 4 ) 2 Mg(C0 3 ) 2 , 4 H 2 0, 

MgCl 2 + (NH 4 ) 2 C0 3 + 3 H 2 - MgC0 3 , 3 H 2 

+ 2NH 4 C1. 

MgCl 2 + 2(NH 4 ) 2 C0 3 + 4 H 2 = (NH 4 ) 2 Mg(C0 3 ) 2 , 

4 H 2 + 2NH 4 C1. 

This precipitate is soluble in solutions of ammonium salts. 
It will therefore disappear on adding ammonium chlorid 
and heating. If the ammonium chlorid is added to the 
magnesium solution before the ammonium carbonate there 
will be no precipitation of magnesium carbonate. 

9. Sodium phosphate, with ammonium chlorid and am- 
monium hydrate, precipitates magnesium solutions as white, 
crystalline ammonium magnesium phosphate, NH 4 MgP0 4 . 

MgCl 2 + Na 2 HP0 4 + NH 4 C1 + NH 4 OH = NH 4 M gP0 4 

+ NH 4 C1 + 2NaCl + H 2 0. 

Under the microscope the crystals are seen to have a 
stellate or fern-leaf form, especially if quickly precipitated. 
When formed very slowly they are prismatic. All pre- 
cipitates of magnesium are soluble in acids. 

10. Sodium carbonate, with neutral solutions of mag- 
nesium salts, gives a white precipitate of basic magnesium 
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carbonate, variable in composition but essentially Mg(OH) 2 - 
4MgC0 3 . It is a very light, white solid, soluble in am- 
monium salts and becoming heavier by heating in the 
solution, 

11. Ammonium hydrate, sodium hydrate~or potassium 
hydrate precipitates magnesium as magnesium hydrate, 
Mg(OH) 2 , which action is prevented, or the precipitate is 
re-dissolved, by ammonium salts. 

Calcium, Ca. 

Use for reactions a 5-per-cent. solution of CaCl 2 . 

12. Calcium salts when held in the blue Bunsen flame 
give it a yellowish red color. This is destroyed by the 
blue glass, through a thin piece of which it appears gray- 
ish green. The flame test is most marked with the chlorid 
or, when other salts are tested, after moistening with 
hydrochloric acid. 

13. Ammonium carbonate or other soluble carbonates 
precipitate calcium as calcium carbonate, CaCO s , white 
and amorphous, and practically insoluble in ammonium 
salts. If, after settling, the solution is separated from the 
precipitate, the latter will dissolve with effervescence when 
an acid is poured on it. 

14. Ammonium oxalate produces a fine, white precipi- 
tate of calcium oxalate, CaC 2 4 from neutral or alkaline 
calcium solutions. 

CaCl 2 + (NH 4 ) 2 C 2 4 = CaC 2 4 + 2NH 4 C1. 

It is soluble in strong acids. 

15. Sulphuric acid, or soluble sulphates precipitate from 
a concentrated solution, fine, white, calcium sulphate, CaS0 4 , 
which is soluble in a large amount of water. It is, in con- 
sequence, not precipitated from dilute solutions. Calcium 
salts are not precipitated by a solution of calcium sulphate. 
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16. Sodium phosphate or other soluble phosphates throw 
down from calcium solutions a white, flocculent acid cal- 
cium phosphate, CaHP0 4 . 

17. Potassium dichromate does not precipitate calcium 
from its solutions. 

Strontium, Sr. 

A 5-per-cent. solution of SrCl 2 may be used for the 
reactions. 

18. Strontium salts give a deep crimson color to the blue 
flame, best after the addition of hydrochloric acid. This 
is seen through a thin blue glass but not through a thick 
one. 

19. Ammonium carbonate, or other soluble carbonates, 
give a white, flocculent precipitate of SrCO s , similar in 
properties to CaC0 3 . 

20. Ammonium oxalate precipitates strontium oxalate, 
SrC 2 4 , if the solution is not very dilute. It is a fine 
white powder. 

21. Sulphuric acid precipitates strontium as the sulphate, 
SrS0 4 , the same result being obtained by the use of cal- 
cium sulphate and other soluble sulphates. The strontium 
sulphate is somewhat soluble in water, consequently it is 
not completely precipitated and appears rather slowly in 
dilute solutions. It is less soluble in alcohol. 

22. Sodium phosphate produces a white, flocculent pre- 
cipitate of SrHP0 4 , acid strontium phosphate. 

23. Potassium dichromate does not precipitate strontium 
from its neutral or acid solutions. 

Barium, Ba. 

All soluble barium compounds act as poisons. 

Use for the reactions a 5-per-cent. solution of BaCl 2 . 

24. Barium chlorid and most other barium salts to which 
hydrochloric acid has been added produce a yellowish- 
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green color when held in the oxidizing flame of a Bunsen 
burner. 

25. Ammonium carbonate or other soluble carbonates 
precipitate barium from its solution as BaCO a , similar in its 
properties to the carbonates of calcium and strontium. 

26. Ammonium oxalate forms barium oxalate, BaC 2 4 , 
a fine, white, heavy precipitate. 

27. Sulphuric acid or any soluble sulphate precipitates 
immediately the barium from its solution as a heavy, very 
fine, white solid, — barium sulphate, BaS0 4 . 

28. Sodium phosphate forms barium phosphate, BaHP0 4 , 
a compound similar in composition, formation and proper- 
ties to the corresponding salts of calcium and strontium. 

29. Potassium dichromate, K 2 Cr 2 7 , or chromate, 
K 2 Cr0 4 , precipitate bright yellow barium chromate, 
BaCr0 4 , insoluble in acetic acid. 

Directions for the Analysis of Groups IV and V. 

If the solution which contains the bases of groups IV 
and V is not already alkaline make it so by adding a little 
ammonium hydrate, then about 5 cc. of ammonium chlorid 
and, finally, ammonium carbonate as long as a precipitate 
is formed. Warm nearly to the boiling-point and filter. 
Wash the precipitate, discarding the wash-water. 

The precipitate contains the carbonates of barium, stron- 
tium and calcium. The filtrate contains magnesium, po- 
tassium, and sodium. 

Dissolve the precipitate on the paper by pouring over it 
5— jo cc. of hot acetic acid, using the same acid repeatedly 
if the first application is insufficient. To the resulting so- 
lution add potassium dichromate which precipitates the 
barium as yellow barium chromate. Filter and, after di- 
luting the filtrate with water to about 25 cc, add dilute 
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sulphuric acid to precipitate the strontium. The precipi- 
tate of strontium sulphate is a very fine, white solid. Let 
it settle five minutes. Filter, wash, moisten the precipi- 
tate on the filter with a few drops of hydrochloric acid and 
confirm the presence of strontium by the deep crimson 
color imparted to the flame of a Bunsen burner when the 
substance is held in it on a platinum wire. It is also red- 
dish through the cobalt glass. Make the filtrate from 
the strontium alkaline with ammonium hydrate, then add 
ammonium oxalate. Calcium is precipitated as fine, white 
calcium oxalate. It may be confirmed by the reddish- 
yellow color of its flame, testing in the same manner as 
for strontium. It appears a dirty green through a thin 
blue glass. 

The solution containing magnesium, potassium and 
sodium should be tested first for the sodium and potassium 
by the color imparted to a Bunsen-burner flame — yellow 
from sodium, and violet when potassium is present and 
the flame is viewed through a sufficiently thick blue glass. 
The test is more delicate, with small amounts of these 
metals, if the liquid is first concentrated to a few cubic 
centimeters by boiling. 

To detect magnesium add to the solution which has been 
tested for sodium and potassium a little sodium phosphate. 
Shake vigorously and let it stand without warming. Mag- 
nesium ammonium phosphate is precipitated — small, white, 
snowflake-shaped crystals, when seen with the microscope. 
An excess of ammonium hydrate favors the precipitation. 
The presence of ammonium in the original substance can 
be determined only by applying the test to this directly. 
This is done by adding 5 cc. of sodium hydrate, or enough 
to give an alkaline reaction, and boiling. The ammonia 
gas which is evolved can be identified by its characteristic 
odor or by its turning red litmus paper blue. 
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Table I. 

Outline of Separations of Metals of Groups IV and V. 

Heat a small portion of the original substance with sodium hydrate. 
An evolution of ammonia gas indicates ammonium. 

Make the remainder of the solution which contains groups IV and V 
alkaline with ammonium hydrate and add ammonium chlorid and ammo- 
nium carbonate, filter and wash. 



Precipitate contains BaCO s , SrCO a , CaC0 3 . 
Dissolve in dilute acetic acid and add potassium 
dichromate. Filter. 



A yellow 
precipitate 
is BaCr0 4 . 



Solution contains Sr and Ca. 
Add dilute H 2 S0 4 . 



A fine white 
precipitate is 
SrS0 4 . Con- 
firm by crim- 
son flame. 



Solution con-" 
tains Ca. Make 
alkaline with am- 
monium hydrate 
and add ammo- 
nium oxalate. A 
fine white precip- 
itate is CaC 2 4 . 
Confirm by red- 
dish yellow flame. 



Filtrate contains Mg, 
K and Na. Test color 
of flame. Yellow in- 
dicates Na. Violet 
through the blue glass 
indicates K. Add so- 
dium phosphate. A 
white, crystalline pre- 
cipitate indicates Mg. 



Explanations of the Operations Used in the Separation of 

the Metals of Groups IV and V. 

The ammonium chlorid must be used here to prevent the 
precipitation of magnesium with the others of the alkaline 
earth metals (8). Ammonium hydrate is necessary to 
neutralize any acid that may be present as this would 
decompose the ammonium carbonate and prevent the pre- 
cipitation of any of the metals. The carbonates of barium, 
strontium and calcium which are formed in cold solutions 
are not completely precipitated if carbon dioxid is present 
because of the formation of soluble acid carbonates, but 
these are converted by heating into insoluble carbonates. 

The carbonates are converted to acetates by the applica- 
tion of acetic acid, and the latter are soluble. The major- 
ity of precipitates are not soluble with sufficient ease to 



METALS. 41 

allow this method of solution but must be removed from 
the filter and mixed, or often heated, with the solvent. 
The effervescence is caused by the evolution of C0 2 which 
is always set free by the action of an acid on a carbonate. 
If no water were added to the solution of strontium and 
calcium before the former was precipitated as a sulphate 
some or most of the calcium would also be thrown down 
(15). Strontium is slowly precipitated on account of the 
solubility of its sulphate (21), therefore, it is necessary to 
allow sufficient time for this to be accomplished. 

If the strontium sulphate were not washed some of the 
calcium solution would remain, if this metal were present 
in the mixture, and the color of the flame would be modi- 
fied. The acid makes it more distinct. 

Ammonium oxalate does not precipitate bases of this 
group from acid solutions, such as this one is after the 
use of sulphuric acid, consequently the latter must be neu- 
tralized in order to detect the calcium. 

The flame test for the alkalies should not be made until 
the removal of the above metals from the mixture because 
of the effect they would give if they were present. The 
sodium would not be concealed but the potassium might be 
difficult of identification (18). 

The test for sodium must be applied before that for mag- 
nesium because the precipitation of magnesium requires a 
sodium salt and the sodium from this remains in solution 
and passes into the filtrate from the magnesium. With 
solid sodium compounds or very strong solutions some of 
the light may pass through the cobalt glass if this is not 
sufficiently thick but it is then blue and not violet, as can 
be seen by comparing it with a known potassium solution. 

The sodium phosphate precipitates the magnesium very 
completely but if there is not much magnesium present a 
long time of standing may be necessary. 
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The original substance can be tested for ammonium by 
adding sodium hydrate to it directly without dissolving as 
the ammonia will be readily set free. If only a minute 
amount is present it can be detected by hanging the moist 
red litmus paper, in such a manner that it shall not touch 
the tube, from a cork which closes the test-tube and allow- 
ing it to stand for twenty-four hours at the ordinary tem- 
perature. It is necessary to use the original substance to 
test for ammonia and not the filtrate from barium, stron- 
tium and calcium carbonates where we might naturally 
look for it, since before getting this filtrate a number of 
ammonium compounds have been added to the solution. 

Practical Exercises in the Separation of the Metals 

of Groups IV and V. 

Mix in a large test-tube 3-4 cc. of the solution of each 
metal and analyze the mixture of the seven according to 
Table I. 

In the same manner make analyses of unknown mixtures 
of the metals of these groups, which can be obtained from 
the instructors, and report results in writing. 

Questions for Further Study on Group IV. 

Why are the bases of group IV called metals of the 
alkaline earths? When their oxids dissolve in. water is 
there any chemical change? What is such a solution of 
calcium called ? For what is it used ? What property of 
these compounds is made use of to separate the bases of 
this group from those of group V? What is meant by 
effervescence ? Why might it be expected that the flame 
of calcium compounds would be more plain by the addition 
of hydrochloric acid? What would be the effect of adding 
alcohol to a mixture of sulphuric acid with a dilute solution 
of strontium? Why does not calcium sulphate precipitate 
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concentrated solutions of calcium salts when this can be 
done by the use of other soluble sulphates? Why will 
ammonium oxalate not precipitate calcium from a strongly 
acid solution? In the analysis of group IV what would 
be indicated if, instead of a crystalline precipitate where we 
should expect magnesium, a white amorphous precipitate 
should appear? Are there any other alkaline gases except 
ammonia? Which compounds of the metals of group IV 
can be employed for the neutralization of acids ? Are any 
ever used medicinally for this purpose? Can an acid be 
neutralized by a substance which is itself neutral in reac- 
tion? What use is made of calcium carbonate in medi- 
cine? By what other name is magnesium carbonate 
known, and for what properties is it valuable in medicine? 
What is the difference in composition between the soluble 
acid carbonate of calcium and the insoluble carbonate of 
the same metal? Where does the former occur naturally? 

GROUP III. 

Aluminum, Chromium, Zinc, Manganese, Cobalt, Nickel and 

Iron. 

Not only the carbonates and phosphates of this group are 
insoluble in water but also the oxids, hydrates and sulphids, 
except the sulphids and carbonates of aluminum and chro- 
mium. The members of the group are therefore precipi- 
tated in neutral solutions by soluble hydrates, carbonates, 
phosphates,' and sulphids. Hydrogen sulphid does not pre- 
cipitate metals of this group from acid solutions. 

Aluminum (Aluminium), Al. 

Aluminum dissolves in hydrochloric acid and caustic 
alkalies, but only slowly in most other acids. 

Use for the reactions a 5-per-cent. solution of A1 2 (S0 4 ) 3 
or KA1(S0 4 ) 2 . 
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30. Ammonium sulphid produces in aluminum solutions 
a very light, gelatinous, white precipitate of aluminum 
hydrate, Al(OH) 3 . 

A1 2 (S0 4 ) 3 + 3 (NH 4 ) 2 S + 6H 2 = 2Al(OH) 3 + 3 (NH 4 ) 2 S0 4 

+ 3H 2 S. 

It is readily soluble in acids. 

31. Ammonium hydrate precipitates from aluminum 
solutions aluminum hydrate as in the last reaction. It is 
slightly soluble in large excess of the reagent but is pre- 
cipitated completely by heating. 

32. Alkaline carbonates with alum solutions form the 
same compound, C0 2 escaping. 

2KA1(S0 4 ) 2 + 6NaHC0 3 = 2Al(OH) 3 + K 2 S0 4 

+ 3Na 2 S0 4 + 6C0 2 . 

33. Sodium hydrate or potassium hydrate gives with 
aluminum salts a precipitate of aluminum hydrate as above. 
It dissolves immediately in an excess of the reagent with 
the formation of an aluminate, as NaA10 2 . From these 
solutions the metal cannot be precipitated by the above- 
mentioned reagents but can be by the addition of ammo- 
nium chlorid, best with the aid of heat. Acidifying the 
solution of an aluminate converts the compound again into 
an aluminum salt of the acid used, e. g., with sulphuric 
acid aluminum sulphate is formed. 

34. Barium carbonate, when shaken with an aluminum 
solution and allowed to stand in the cold, precipitates the 
whole of the aluminum as a basic salt as is shown by the 
absence of aluminum reactions in the filtrate. 

Chromium, Cr. 

Chromium may be met with in two classes of compounds : 
the salts, where the metal occupies the positive part of the 
compound like CrCl 3 or Cr 2 (S0 4 ) 3 ; and the chromates, or 
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chromic acid derivatives, where it is found in the negative 
part, such as PbCr0 4 or K 2 Cr 2 7 . With these two classes 
most reagents give different results. The former will be 
considered in this place ; the latter, under chromic acid. 

The chromic salts have a green or violet color, this being 
true of their solutions also. 

Use for the reactions of the chromic salts a 5-per-cent. 
solution of KCr(S0 4 ) 2 . 

35. Ammonium sulphid with solutions of chromium 
salts gives a precipitate of chromium hydrate, Cr(OH) 3 , 
a grayish-green or bluish-green, voluminous gelatinous 
compound. It is soluble in acids. Hydrogen sulphid is 
set free in the precipitation as it is by the action of am- 
monium sulphid on aluminum salts. 

36. Ammonium hydrate precipitates from chromium 
salts chromium hydrate. It is slightly soluble in excess 
of the reagent imparting a pink color to the liquid, but is 
precipitated from this solution by boiling. 

37. Sodium hydrate or potassium hydrate with solutions 
of chromium salts causes a precipitation of the same com- 
pound, chromium hydrate. In excess of these reagents 
the precipitate is easily soluble to a green liquid. On 
boiling, the liquid becomes colorless, the chromium being 
again precipitated as the hydrate. 

38. Dry compounds of chromium if mixed with dry 
potassium or sodium nitrate and sodium carbonate and 
then fused on the platinum foil are thereby converted to 
yellow potassium or sodium chromates. These are soluble 
in water, forming a bright yellow liquid and giving the 
reactions of chromic acid (p. 107). For this test any of 
the precipitates may be employed after filtering from the 
solution and drying on the foil. 

Cr 2 (OH) 6 + 3 NaN0 3 + 2Na 2 CO a = 2Na 2 Cr0 4 + 3 H 2 

+ 2C0 2 + 3 NaNO a . 



46 INTRODUCTION TO CHEMICAL ANALYSIS. 

39. Barium carbonate precipitates basic chromium salts 
in the same manner as those of aluminum. 

Zinc, Zn. 

Zinc is readily soluble in hydrochloric, nitric and sul- 
phuric acids. Its salts are colorless. 

For the reactions a 2-per-cent. solution of ZnS0 4 may 
be used. 

40. Ammonium sulphid precipitates zinc from its neutral 
or alkaline solutions as the sulphid, ZnS. It is a white, 
flocculent solid, insoluble in excess of the reagent or in 
alkalies but soluble in most mineral acids. 

41. Ammonium hydrate with zinc solutions precipitates 
zinc hydrate, Zn(OH) 2 , a white gelatinous compound 
readily soluble in excess of ammonia. On boiling, the 
zinc hydrate precipitates again in whole or in part unless 
ammonium salts are present, which will prevent the sepa- 
ration. 

42. Sodium hydrate or potassium hydrate produces in 
zinc solutions a white gelatinous precipitate of zinc hy- 
drate. It dissolves in excess of the precipitant. It does 
not precipitate from this solution upon boiling if a large 
excess of the alkali is present. 

43. Potassium ferrocyanid precipitates zinc ferrocyanid, 
Zn 2 Fe(CN) 6 , a white compound, insoluble in cold dilute 
hydrochloric acid but somewhat soluble in an excess of the 
reagent. 

44. Barium carbonate does not precipitate zinc salts. 

Manganese, Hn. 
Metallic manganese dissolves easily in acids with the 
formation of manganous salts. 

Use for the reactions a 2-per-cent. solution of MnS0 4 . 

45. Ammonium sulphid precipitates manganese from its 
solutions as the sulphid, MnS, a flesh-colored compound 
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which upon standing exposed to the air becomes dark 
brown. This precipitate is insoluble in excess of the 
reagent but dissolves readily in acids. 

46. Sodium hydrate or potassium hydrate produces a 
precipitate of manganous hydrate, Mn(OH) 2 , which is at 
first nearly white but when shaken in the tube with air, or 
allowed to stand exposed to it, becomes quickly dark brown 
from the absorption of oxygen and the formation of man- 
ganic hydrate, Mn(OH) v The precipitate is insoluble in 
excess of sodium hydrate but dissolves in acids. 

47. Ammonium hydrate also gives a precipitate of man- 
ganous hydrate, insoluble in excess, but with this reagent 
the precipitation is prevented by the presence of ammonium 
chlorid. 

48. If as much Pb 3 4 (red lead) as can be held on the 
point of a pen-knife is added' to a manganous solution and 
if the mixture is then strongly acidified with nitric acid, 
boiled and allowed to settle, the liquid above has a red 
color. The presence of hydrochloric acid or chlorin com- 
pounds interferes with, or prevents, the reaction. 

2M nS0 4 + 5Pb 3 4 + 26HNO3 = 2HMn0 4 + i3Pb(NO a ) 2 

+ 2PbS0 4 + i2H 2 0. 

49. Solid compounds of manganese when mixed with 
several times their weight of dry sodium carbonate and 
potassium nitrate and fused on the platinum foil become 
converted to green sodium manganate, Na 2 Mn0 4 , the color 
of which is best seen while it is melted. 

Mn(OH) 2 + Na 2 CO a + 2KNO3 = Na 2 Mn0 4 + 2KN0 2 

+ H 2 + C0 2 . 

If too much of the manganese compound is used the mass 
may be black. In the cold it dissolves in water to a 
green solution. This is decomposed by boiling the liquid, 
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the manganese being precipitated as an oxid. The green 
solution is gradually changed to a pink through exposure 
to the air, the manganate being converted to a perman- 
ganate, NaMn0 4 . 

50. Manganous compounds are not precipitated from 
their solutions by barium carbonate. 

Iron, Fe. 

The metal is soluble in hydrochloric, sulphuric and nitric 
acids. There are two series of salts, the ferrous and the 
ferric. The former are, for the most part, colorless or 
greenish and unite with oxygen when brought in contact 
with oxidizing agents, or even when exposed to the air, 
especially in the presence of water. They are thus con- 
verted into ferric salts which are usually yellowish to red- 
dish-brown. 

Ferrous Compounds (Fe"). 

For the reactions use a 2-per-cent. solution of FeS0 4 . 

5 1 . Ammonium sulphid precipitates the iron completely 
from neutral or alkaline solutions as black ferrous sulphid, 
FeS. This dissolves in dilute acids and oxidizes in the air 
to brown ferric hydrate. 

52. Ammonium hydrate produces ferrous hydrate, 
Fe(OH) 2 . If the ferrous solution is pure and oxygen is 
excluded from that and the reagent the color at first is 
nearly white. Without these special precautions, however, 
it is a grayish-green, which soon changes by oxidation to 
a darker green and finally is converted to reddish-brown 
ferric hydrate, Fe(OH) 3 . This precipitation is prevented 
by the presence of non-volatile organic acids or their salts 
and by ammonium salts ; also by other organic compounds 
like sugar and glycerin. 

53. Sodium hydrate or potassium hydrate precipitates 
ferrous hydrate, having the properties given above. 
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54. Potassium ferrocyanid, K 4 Fe(CN) 6 , with solutions of 
ferrous salts which are free from ferric compounds gives a 
bluish-white precipitate of potassium ferrous ferrocyanid, 
K 2 Fe 2 (CN) 6 . This becomes deep blue by the action of the 
oxygen of the air or by oxidizing agents. Hydrates of the 
alkalies destroy the blue color. 

55. Potassium ferricyanid, K 3 Fe(CN) 6 , with ferrous 
solutions produces a deep blue precipitate of ferrous ferri- 
cyanid, Fe 3 ' / Fe/ // (CN) 12 . Hydrates of the alkalies decom- 
pose this. With very dilute solutions of iron the last two 
reagents produce only a greenish color. 

56. Potassium sulphocyanate, KSCN, imparts no color 
to ferrous solutions if they do not contain ferric compounds. 

57. Sodium carbonate, or ammonium carbonate, precip- 
itates ferrous solutions as white ferrous carbonate, FeCO a , 
which, when moist, rapidly oxidizes in air, giving up its 
C0 2 , ferric hydrate, Fe(OH) 3 , being formed. 

58. Barium carbonate does not precipitate ferrous salts 
in the cold with the exception of ferrous sulphate. 

59. Tannic or gallic acids produce no color with ferrous 
solutions if they are free from ferric salts. 

Ferric Compounds (Fe'"). 
For the reactions use a 2-per-cent. solution of FeCl 3 . 

60. Ammonium sulphid precipitates ferric salts as fer- 
rous sulphid, FeS, sulphur being set free. 

FeCl 3 + (NH 4 ) 2 S = FeS + NH 4 C1 + S. 

61. Ammonium hydrate or other soluble hydrates pre- 
cipitate ferric solutions as ferric hydrate, Fe(OH) 3 , a red- 
dish-brown, gelatinous substance. It cannot be thus 
formed in solutions containing a large amount of non-vola- 
tile organic acids, sugar or glycerin. It dissolves readily 
in acids, but is insoluble in excess of the precipitant and 
in solutions of ammonium salts. 

5 
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62. Potassium ferrocyanid with ferric solutions gives a 
dark blue precipitate of ferric ferrocyanid, Fe/"Fe 3 "(CN) 18 
— "Prussian blue." This is insoluble in hydrochloric 
acid but is decomposed by the alkaline hydrates with the 
separation of ferric hydrate, similarly to the decomposition 
of ferrous ferrocyanid. 

63. Potassium ferricyanid changes the color of ferric 
solutions to a brown but does not form a precipitate. 

64. Potassium sulphocyanate gives to acidified ferric 
solutions a deep blood-red color without forming a precipi- 
tate. The color is due to the formation of ferric sulpho- 
cyanate, Fe(SCN) 3 , which dissolves as a double salt with 
an excess of the KSCN. Hydrochloric acid does not 
decolorize it. The reaction may be used as an extremely 
sensitive test for iron. When soluble phosphates, borates 
or some organic acids are present the reaction may fail 
until the solution is strongly acidified with hydrochloric 
acid. The color is destroyed by mercuric chlorid. 

65. Sodium carbonate or ammonium carbonate precipi- 
tates from ferric solutions reddish-brown, gelatinous ferric 
hydrate, Fe(OH) 3 , C0 2 escaping. 

66. Barium carbonate precipitates ferric compounds 
completely in the cold as basic salts. 

67. Tannic or gallic acid forms a blue-black precipitate 
with ferric solutions. 

Nickel, Ni. 

Nickel dissolves slowly in hydrochloric and in dilute 
sulphuric acids, more readily in nitric acid. Nickelous 
salts of these acids are then formed. Most of the solutions 
of nickel are green. 

A 2-per-cent. solution of NiS0 4 may be used for the 
reactions. 

68. Ammonium sulphid in neutral or alkaline solutions 
precipitates black nickel sulphid, NiS, slightly soluble in 
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excess of the reagent, in the presence of ammonium hy- 
drate, to a brownish solution. It does not dissolve in cold 
dilute hydrochloric acid but dissolves in aqua regia. 

69. Ammonium hydrate gives at first a greenish precip- 
itate of nickelous hydrate, Ni(OH) 2 , which dissolves in a 
slight excess of the alkali to a blue liquid. 

70. Sodium hydrate or potassium hydrate precipitates 
from nickel solutions the same compound, nickelous hy- 
drate, Ni(OH) 2 , which is insoluble in excess of the reagent. 
Sugar and some organic acids prevent this precipitation of 
nickel. 

71. Potassium nitrite does not precipitate nickel from 
its solution in acetic acid. 

Cobalt, Co. 

Cobalt dissolves in acids like nickel with the formation 
of cobaltous salts. These are usually pink to red when 
they contain water of crystallization and blue when anhy- 
drous. The solutions are red also. 

Use a 2-per-cent. solution of Co(N0 3 ) 2 in the reactions. 

72. Ammonium sulphid precipitates the cobalt from neu- 
tral or alkaline solutions as the black sulphid, CoS. It is 
insoluble in excess and in cold hydrochloric acid but dis- 
solves, like the nickel sulphid, in aqua regia. 

72. Ammonium hydrate gives a precipitate of a blue 
basic salt which turns green in the air. It dissolves in 
excess of the ammonia to a pink solution if the liquid is 
freed from oxygen and this, on standing in the air, becomes 
brown from oxidation. Organic compounds may prevent 
the precipitation. 

74. Sodium hydrate or potassium hydrate produces the 
same basic salt as a precipitate. Upon boiling with an 
excess of the reagent this is converted into pink insoluble 
cobaltous hydrate, Co(OH) 2 . 
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75. A considerable amount of potassium nitrite added 
to a cobalt solution, followed by acetic acid until it is 
strongly acid, and the whole allowed to stand in a warm 
place, precipitates the Cobalt as Co(N0 3 ) 3 -3KN0 2 , a yel- 
low crystalline compound. 

Directions for the Separation of Metals of Group III in 
the Absence of Phosphoric, Oxalic, Boric, Citric 

and Tartaric Acids. 

The acidity of the solution containing the group should 
be neutralized by adding ammonium hydrate slowly, until 
a permanent precipitate begins to form. Then add about 
one-tenth its volume of ammonium chlorid and last ammo- 
nium sulphid until complete precipitation has been pro- 
duced, but avoiding a large excess. Heat the mixture 
nearly to boiling and filter. If the original mixture con- 
tained groups IV and V they will be found in the filtrate. 
Otherwise it can be discarded. The precipitate contains 
the sulphids of nickel, cobalt, iron, manganese and zinc, 
with the hydrates of chromium and aluminum. Wash it 
with hot water. 

Rinse the precipitate from the filter with about 15 cc. of 
dilute hydrochloric acid and let it stand five minutes in the 
acid, stirring occasionally. All the metals of the group 
with the exception of nickel and cobalt dissolve. The 
nickel and cobalt remain as black sulphids. If the insol- 
uble residue is light colored or gray it may be only sul- 
phur. Filter and wash. 

Test the residue with the borax bead in the oxidizing 
flame. Cobalt gives a blue bead ; nickel a purple, while 
hot, soon becoming brown. If the residue is so small that 
it cannot be removed from the paper, the part of the filter 
which contains it can be burned on the bead, when, after 
the complete oxidation of the carbon, the metal will be left 
to dissolve in the borax. 
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When only one of the two is present the colors will be 
clear but if both are contained in the bead, it may be nec- 
essary to separate them before they can be identified. To 
accomplish this dissolve the mixed sulphids in 2 cc. of 
warm aqua regia, filter and evaporate nearly to dryness 
under a hood, to remove the excess of acid. Dilute with 
water to 5 cc, add potassium nitrite and acidify strongly 
with acetic acid ; warm gently and let it stand several 
hours. The cobalt gives a yellow precipitate. Filter and 
test the filtrate for nickel by sodium hydrate or ammonium 
sulphid. The former gives a green precipitate ; the latter, 
a black one. 

Boil, for a short time, the hydrochloric acid solution of 
iron, manganese, chromium, aluminum and zinc until it is 
freed from hydrogen sulphid as shown by the absence of 
odor or by its failure to discolor a paper dipped in lead ace- 
tate and held in the steam. Add to the hot liquid bromin 
water until it is colored yellow and bring to a boil. Make it 
alkaline with sodium hydrate, then add enough of the so- 
dium hydrate to make a large excess. 1 Boil one minute and 
filter. The iron, manganese and chromium are precipi- 
tated as hydrates, and the zinc and aluminum are dissolved 
in the excess of the alkali. Dissolve a small portion of 
the precipitate in hydrochloric acid and test it for iron with 
potassium ferrocyanid. A blue color is produced. Place 
another portion of the precipitate on the platinum foil, add 
five times as much of a mixture of dry sodium carbonate 
and potassium nitrate and heat until it is thoroughly fused. 
If manganese is present the mass is a deep green. Chro- 
mium, in the absence of manganese, gives a yellow mass. 
In either case, to confirm the presence of chromium, place 
the foil in a test-tube, cover with water and heat to boiling. 

1 When sufficient alkali has been added the liquid has a soapy feeling if 
a drop is rubbed between the fingers. 
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Filter off the brownish residue if one is present and test 
the solution for chromium, after acidifying with acetic 
acid, by adding a few drops of lead acetate. A yellow 
precipitate of lead chromate is produced. 

The solution of aluminum and zinc in excess of sodium 
hydrate should be slightly acidified with hydrochloric acid, 
then an excess of ammonium hydrate should be added and 
the liquid boiled for several minutes. Aluminum hydrate, 
a very flocculent white precipitate, is produced, which 
floats a long time in the liquid. Filter and, after dividing 
the filtrate into two parts, test one for zinc by a few drops 
of ammonium sulphid and warming. A flocQulent white 
precipitate appears. From the second part, after it has 
been acidified with hydrochloric acid, potassium ferrocy- 
anid precipitates zinc ferrocyanid, a very fine, white solid. 
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Table II. 

Outline of Separation of the Metals of Group III in Absence 

of Phosphoric, Boric, etc., Acids. 

To the solution add NH 4 OH until, after shaking, there is a slight per- 
manent precipitate. Then add NH 4 C1 and a slight excess of (NH 4 ),S. 
Warm, filter and wash. The precipitate contains NiS, CoS, FeS, MnS, 
ZnS, Cr(OH) 8 and Al(OH) s if they were present in the original solution. 
Let it stand five minutes in cold dilute HC1, stirring frequently. All are 
dissolved except the sulphids of Ni and Co. Filter and wash. 



If the insoluble residue 
is black apply the borax 
bead test. 

A blue bead = Co. 

A brown bead =Ni. 

If a separation of the 
metals is desired dissolve 
the black residue in a 
little aqua regia, evap- 
orate nearly to dryness, 
dilute with 5 cc. of water, 
add KNO a , acidify with 
acetic acid and let it stand 
several hours, after warm- 
ing. A yellow precipitate 
of potassium cobalt nitrite 
is formed. Filter and to 
the filtrate add NaOII and 
warm. Ni(OH) s a light 
green precipitate appears. 
With the same filtrate 
(NH 4 ) 2 S gives a black 
precipitate, NiS, 



The filtrate contains the chlorids of Fe, Mn, 
Zn, Cr, and Al. 

Expel the hydrogen sulphid by boiling and 
add a slight excess of bromin water. 

Then heat to boiling, make the liquid very 
strongly alkaline with NaOH, and boil one 
minute. Filter. 



The precipitate con- 
tains Fe(OH ) 3 , Cr(OH) s 
and Mn(OH) 2 . 

Dissolve a small por- 
tion of the precipitate in 
HC1 and test for Fe with 
K 4 Fe(CN) 6 . A dark blue 
color should appear. 

Dry another portion 
of the precipitate on 
platinum foil, and thor- 
oughly fuse with N^COg 
and KNO3. 

Dark green K 2 Mn0 4 is 
formed. 

Boil with a little water, 
filter, acidify with acetic 
acid and add lead ace- 
tate. Yellow PbCr0 4 is 
precipitated. 



The filtrate con- 
tains Al and Zn. 

Slightly acidify it 
with H CI, make it al- 
kaline with NH 4 OH 
and boil a minute. 
A light white pre- 
cipitate is Al(OH) s . 

Filter and test the 
filtrate for Zn. 

1. (NH 4 ),S gives a 
white flocculent pre- 
cipitate, ZnS. 

2.K 4 Fe(CN) 6 gives 
a fine white precipi- 
tate of Zn. 2 Fe(CN) 6 
after acidifying with 
IIC1. 



Explanation of the Operations Used in the Separation 

of the Metals of Group III. 

The object' of the addition of ammonium hydrate is to 
neutralize any acid present, since this would otherwise 
decompose the ammonium sulphid and prevent the pre- 
cipitation of the metals. Ammonium chlorid favors the 
complete' precipitation of many of these, converting them 
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from a gelatinous to a more or less flaky consistency, 
which hastens the subsequent filtration. Warming like- 
wise favors the precipitation and rapid filtration or the 
group. The precipitation should be accomplished chiefly 
by the ammonium sulphid, a large excess of which, 
together with ammonium hydrate, may cause a partial 
solution of the nickel sulphid. This gives the filtrate a 
brown color. 

By the action of the hydrochloric acid the compounds of 
all the metals, with the exception of nickel and cobalt, are 
converted to chlorids which are soluble. The sulphids of 
these two metals are not soluble in cold dilute acid, 
although they are somewhat so if it is heated, or in the 
concentrated acid. Sulphur is set free from the ammo- 
nium sulphid by the action of ferric salts (60). 

When the sulphids of the metals are dissolved in the 
acid hydrogen sulphid is formed and remains dissolved in 
the cold liquid. If it is not removed it would, as soon as 
the liquid becomes alkaline in the next operation, form 
sodium sulphid and this would change the iron, manganese 
and zinc compounds again into the sulphids instead of the 
hydrates. The zinc would remain- with them, instead of 
being separated by the sodium hydrate. 

Bromin water and other oxidizing agents change ferrous 
compounds to ferric in the presence of free acid. After 
this has been added it is necessary to use a large excess of 
the sodium hydrate, since by a small amount all five of the 
metals in the solution would be precipitated (33, 37, 42). 

The fusion of the hydrates of iron, manganese and 
chromium does not change the appearance of the iron 
compound, but converts the manganese into a green sub- 
stance which is insoluble in boiling water (49). At the 
same time the chromium hydrate is oxidized to a soluble 
yellow chromate (38). 
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If the aluminum solution is not made acid the base will 
not be precipitated by ammonium hydrate even if large 
amounts are present (33). 

Separation of the Bases of Groups III and IV in the Pres- 
ence of Phosphoric, Oxalic, Boric, Citric and 
Tartaric Acids or Their Salts. 

(Capital and small letters are used for the identification of subdivisions of 
the groups — the former for solids, the latter for solutions.) 

The metals of group III are ordinarily precipitated sepa- 
rately from those of group IV. If, however, the solution 
contains certain acids or their salts the metals of both groups 
are thrown down together by the reagents used for the pre- 
cipitation of group III. The compounds whose presence 
causes this simultaneous precipitation of the two groups are 
phosphates, oxalates and borates, and also tartrates and cit- 
rates. 1 If it has been ascertained by testing that any of 
these are present the usual separation of the metals of groups 
III and IV should be modified in the following manner: 

To the solution of the two groups add about one-tenth 
its volume of ammonium chlorid, make it faintly alkaline 
with ammonium hydrate and then add ammonium sulphid 
until no more precipitate (A) forms. Warm and stir the 
mixture until the precipitate begins to settle, filter and wash 
with water containing a few drops of (NH 4 ) 2 S. Preserve 
the filtrate to test for bases of group IV which may be 
partially unprecipitated. The precipitate (A) may contain 
all the bases of groups III and IV, together with sulphur. 
Rinse it from the paper with about 15 cc. of dilute hydro- 
chloric acid into a dish or beaker and stir it occasionally 
for five minutes. Filter and wash. There will remain in- 
soluble (2?) the sulphids of cobalt and nickel with sulphur. 

1 Fluorids and silicates act in the same nanner but are omitted here as 
being of less importance. 

6 



58 INTRODUCTION TO CHEMICAL ANALYSIS. 

The remaining metals are dissolved and pass into the fil- 
trate (a). 

Nickel and cobalt sulphid, if present, are black; sul- 
phur is grayish to yellow, burning with characteristic odor 
and blue flame if present in large quantity. To test for 
the nickel or cobalt dissolve the residue (Z?) in a borax bead 
with the aid of the oxidizing flame. Cobalt gives a deep 
blue color ; nickel, a purple while hot, quickly passing to 
a brown. In cases of. doubt, or where it is desirable to 
separate the metals, dissolve it in aqua regia and use potas- 
sium nitrite, as on page 53. 

The hydrochloric acid solution (a) is to be used for the 
separation of the remaining bases. Boil it in a beaker or 
flask until the hydrogen sulphid is expelled, as shown by 
the absence of odor and by the failure of a strip of filter 
paper to turn brown after it has been moistened with lead 
acetate solution and suspended in the steam. If much 
sulphur separates during this boiling filter it out. 

Mix about one-fourth of the solution {a) with dilute sul- 
phuric acid. The sulphate of barium will be immediately 
precipitated (C), that of strontium, if much is present, or 
upon standing, and of calcium if this is present in concen- 
trated solution, although the calcium in great part remains 
dissolved. After it has settled filter and wash, preserving 
the filtrate (d). If there is no precipitation by sulphuric 
acid calcium may nevertheless be in solution. To detect 
it here or after filtration from the sulphates of barium and 
calcium add three volumes of alcohol to (b) when the cal- 
cium sulphate will be precipitated if present. It can be 
dissolved in boiling water and tested with a few drops of 
ammonium oxalate which should give a fine white precipi- 
tate of calcium oxalate. To test for barium and strontium, 
if sulphuric acid caused a precipitation, place the washed, 
moist precipitate (C) in a porcelain dish, add about 10 cc. of 
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a io-per-cent. solution of sodium carbonate, and boil gently 
for five minutes. Strontium sulphate, and calcium sulphate 
if it is present, are converted into carbonates, the barium sul- 
phate being but little affected. Filter and wash. Pour over 
the precipitate (D) on the filter 10 cc. of hot acetic acid 
which will dissolve (c) the strontium carbonate but com- 
paratively little of the barium salt. Wash the precipitate 
(Z?) discarding the wash-water. The barium may be con- 
firmed by the appearance of a yellowish-green flame obtained 
from the insoluble residue (D) after it has been moistened 
with hydrochloric acid. To the acetic acid solution (c) 
add a few drops of potassium dichromate to precipitate the 
barium if any of this has been dissolved. This will be 
changed to yellow barium chromate. Filter when enough 
of the reagent has been added to give the supernatant 
liquid a yellow color. From the filtrate (d) precipitate the 
strontium by means of dilute sulphuric acid, adding it as 
long as the insoluble compound is formed and letting the 
mixture stand five minutes if no precipitate appears imme- 
diately. Filter and, after washing, confirm the strontium 
by moistening with hydrochloric acid and making the 
flame test with and without the blue glass (18). 

To about a cubic centimeter of the hydrochloric acid 
solution (a) add enough bromin water to give a yellow 
color, boil and add a few drops of potassium ferrocyanid. 
A blue color is indicative of iron. 

To the remainder of the hydrochloric acid solution (#), 
if iron has been found, add bromin water and boil as be- 
fore. If iron is absent omit this step and proceed with the 
next operation, which is to remove from the solution (a) 
the phosphoric acid that may be present. This is effected 
by forming an insoluble compound of this with iron. To 
learn whether enough iron is present in the solution remove 
two or three drops and to these, in an evaporating dish, 



60 INTRODUCTION TO CHEMICAL ANALYSIS. 

add ammonium hydrate. If there is a yellowish-brown 
precipitate the amount of iron is sufficient ; if it is nearly 
white add to the solution a few drops of ferric chlorid, and 
test a little of this with ammonium hydrate as before, re- 
peating as many times as necessary to produce the yellow 
or brown precipitate. The free acid should now be nearly 
but not quite neutralized. This must be done by dropping 
in, with constant stirring, sodium hydrate solution until blue 
litmus paper is only slowly turned red. If too much has 
been used hydrochloric acid must be added until the 
proper reaction is attained. Now add an excess of barium 
carbonate. This is best done by shaking the solid reagent 
with water and using the milky mixture. Let this stand 
in the cold for half an hour, with frequent stirring.- The 
liquid above the precipitate should be colorless if enough 
has been used. Then filter and wash. The precipitate 
(£) contains the hydrates of aluminum, chromium and 
iron, also the ferric phosphate and the excess of the barium 
carbonate. The filtrate (e) will contain the manganese and 
zinc, also the barium, strontium, calcium and magnesium, 
which may have been contained in the original substance. 

Transfer the precipitate (E) from the filter to a porcelain 
dish, then boil it two minutes with about 10 cc. of sodium 
hydrate, cool and filter. This dissolves the aluminum, 
which passes into the filtrate. From this it can be precip- 
itated by first acidifying with hydrochloric acid, then 
making faintly alkaline with ammonium hydrate and boil- 
ing for a minute in a beaker. The aluminum hydrate 
thus obtained is a white, very voluminous substance, which 
floats for a long time in the liquid. 

To detect the chromium in the portion of the barium 
carbonate precipitate {E) which did not dissolve in sodium 
hydrate, dry it on platinum foil, then fuse thoroughly with 
a mixture of dry sodium carbonate and potassium nitrate. 
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The chromium produces a yellow mass which dissolves to 
a yellow solution in water and this, after acidifying with 
acetic acid, forms a bright yellow, insoluble lead chromate 
upon the addition of lead acetate. 

To test for magnesium, zinc and manganese proceed as 
follows with the filtrate {e) from the barium carbonate precip- 
itate. Acidify with dilute sulphuric acid, heating until the 
effervescence has ceased. This precipitates the barium, 
most of the strontium and possibly part of the calcium, and 
dissolves the manganese, zinc and magnesium. Filter and 
neglect the precipitate, since the bases contained in it have 
already been determined. To the filtrate add ammonium 
hydrate until it is alkaline, then ammonium sulphid. Man- 
ganese and zinc are precipitated as sulphids if they were 
contained in the mixture. Magnesium, with calcium and 
possibly some strontium, remains in the liquid (f). Filter 
and wash. Remove the precipitate (jP) from the paper, 
dissolve it in a slight excess of hydrochloric acid, free it 
from hydrogen sulphid by boiling in an evaporating dish, 
and make it strongly alkaline with sodium hydrate. White 
manganous hydrate, soon turning brown, is precipitated, 
the zinc remaining in solution (g). Confirm the manganese 
by fusing it on the platinum foil with sodium carbonate and 
potassium nitrate, when a dark green mass results. The 
zinc may be separated from the solution {g) in sodium 
hydrate by the aid of a little hydrogen sulphid, which gives 
a white flaky precipitate of zinc sulphid. 

To determine whether any magnesium is contained in 
the solution (_/") from which the manganese and zinc sul- 
phids have been filtered, add ammonium oxalate, which 
may give a white precipitate of calcium or strontium oxa- 
late. Remove this by filtration, if it is formed, and to the 
filtrate add ammonium hydrate and sodium phosphate. A 
white crystalline precipitate indicates magnesium. 
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Table III. 



Outline of Separation of the Metals of Groups III and IV. 

In the presence of phosphoric, oxalic, boric, tartaric and citric acids or their 
salts. To the solution add NH 4 C1, make alkaline with NH 4 OH and precipitate 
with (NH 4 ) 2 S. Warm, filter and wash. The precipitate contains NiS, CoS, 
FeS, MnS, ZnS, Al(OH) s , and Cr(OH) 8 , with Ba, Sr, Ca and Mg salts of the 
above acids, sometimes with S. Treat with HC1. If a residue remains filter and 
wash. 



If the 
residue is 
black it 
may con- 
tain CoS 
and NiS. 
Test it 
with bo- 
rax bead. 

A blue 
bead indi- 
cates Co, 
a brown 
bead indi- 
cates Ni. 
To sepa- 
rate or 
d istin- 
guish 
these dis- 
solve in 
aqua 
regia and 
use KNO, 
as on 
page 53. 



The filtrate contains Fe, Mn, Cr, Al, Zn, Ba, Sr, Ca and Mg. 
Expel the H 2 S by boiling and divide the solution into three portions. 
To the first add dilute H 2 S0 4 . Filter and wash. 



Precipi- 
tate con- 
tains BaS0 4 
and SrS0 4 
with possi- 
bly CaS0 4 . 
Boil with 
NajCOa, fil ~ 
ter and 
wash. In- 
soluble resi- 
due contains 
BaS0 4 
(BaCCV), 
SrC0 3 
(CaCO s ?). 
Treat with 
acetic acid. 
Insoluble 
BaS0 4 re- 
mains. 
Confirm 
with flame 
test. From 
solution pre- 
cipitate Ba 
with K 2 Cr 2 - 
7 , filter and 
add H 2 S0 4 ; 
white pre- 
cipitate of 
SrS0 4 . Fil- 
ter, wash 
and confirm 
by crimson 
flame. 



Filtrate 
contains 
Ca. Mix 
a second 
portion 
with 3 
volumes 
of alco- 
hol. A 
white 
precipi- 
tate of 
CaS0 4 . 
Dissolve 
in hot 
water 
and con- 
firm by 
(NH 4 ) 2 - 

c 2 o 4 . 



Filtrate contains Fe, Mn, Cr, Al, Zn, Caand 
Mg. Test a portion for Fe by K 4 Fe(CN) 6 . 
If iron is present, after oxidizing this with Br 
water add enough FeCl 8 to unite with the 
phosphoric and other disturbing acids, nearly 
neutralize the acidity and add BaCO s . Allow 
to stand one half hour. Then filter and wash. 



Precipitate con- 
tains Fe(OH) 3 , 
Cr(OH)„ and Al- 
(OH) 8 . Boil with 
NaOH and filter. 



Resi- 


Filtrate 


due con- 


contains 


tains 


Al. Aci- 


Cr(OH) 3 
Fuse 


dify with 
HC1, add 


with 


NH 4 OH 


NajCOs 

and 

KNO,. 


and boil. 
A light 
white 


Dissolve 
in water, 


precipi- 
tate of 


add ace- 
tic acid 


Al(OH) 8 


and lead 




acetate. 




A yellow 




precipi- 
tate of 




PbCrQ 4 . 





Filtrate contains Mn, 
Zn, Ca(Sr?) and Mg. 
Acidify with dilute H 2 S0 4 
and filter out the Ba and 
Sr if there is a precipitate. 
In the filtrate precipitate 
the Mn and Zn with NH 4 - 
OH and (NH 4 ) 2 S. Filter. 



Precipitate 
contains 
MnS and 
ZnS. Dis- 
solve in 
HC1. Expel 
H 2 S by boil- 
ing and add, 
large excess 
of NaOH. ; 
Mn(OH), 
is precipi- 
tated. Con- 
firm by fu- 
sion with 
NaCO s and 
KNO s on Pt 
foil. Mn 
gives a green 
mass. From 
filtrate pre- 
cipitate 
white, flaky 
ZnSbyH 2 S. 



Filtrate con- 
tains (Ba, 
Sr?), Caand 
Mg. With 
(NH 4 ) 2 C 2 4 
precipitate 
all except Mg 
and remove 
by filtration. 
To the fil- 
trate add 
NaHP0 4 . 
Mg gives a 
white crys- 
talline pre- 
cipitate of 
NH 4 MgP0 4 . 
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Explanation of the Operations Used in the Separation of 

the Metals of Groups III and IV in the Presence 

of Phosphoric, Oxalic, Boric, Tartaric and 

Citric Acids and Their Salts. 

The reason that it is necessary to modify the usual 
methods when these acids are contained in the solution is 
that the phosphates, oxalates, borates, tartrates and citrates 
of barium, strontium, calcium and magnesium are soluble 
in acids but not in neutral or alkaline liquids. They 
therefore will be precipitated with the third group as soon 
as ammonium hydrate has been added. Many of the ex- 
planations previously given regarding the analysis of groups 
III and IV will also be applicable here. 

Nickel and cobalt can be easily separated from the rest 
of the precipitated bases because of the insolubility of 
their sulphids in dilute acid. From the solution thus ob- 
tained all the barium and most of the strontium are sepa- 
rated by conversion into sulphates by means of sulphuric 
acid which dissolves the other compounds. This does not 
make a clean separation between the alkali earth metals, 
though, since a part of the strontium may be left in solu- 
tion or a part of the calcium may be changed to the in- 
soluble sulphate if a large amount is present. Neverthe- 
less it serves to distinguish them from each other. To give 
greater certainty of this the flame test should not be 
neglected. In the same way when the sulphates of barium 
and strontium are boiled with sodium carbonate some of 
the barium sulphate may become converted to the carbonate 
as the strontium sulphate is and thus pass with the stron- 
tium into solution. 

The separation of the metals contained in the sulphuric 
acid filtrate is the same as in the separation where the 
metals of the alkaline earths are not present, except that 
alcohol is used to render more insoluble the calcium sul- 



64 INTRODUCTION TO CHEMICAL ANALYSIS. 

phate and after the bases of group III have been identified 
and the calcium removed the magnesium is precipitated by 
sodium phosphate in the usual manner. 

Practical Exercises on Group III. 

1. In a large test-tube mix together 3-4 cc. of the solu- 
tions of each of the metals of the group and separate them 
according to Table II. 

2. In the same manner make analyses of the unknown 
mixtures of these metals which will be furnished by the 
instructors. 

3. To solutions of these metals add those of group IV 
and sodium phosphate and make the analysis by the direc- 
tions in Table III. 

4. Examine the unknown mixtures furnished by the in- 
structors to determine whether they contain any of the acids 
which would cause groups III and IV to precipitate together. 
If this is the case analyze the mixture by Table III. 

Questions for Further Study on Group III. 

In the fusion of chromium and manganese compounds 
with sodium carbonate and potassium nitrate what action 
has each of the latter reagents ? What is the action of the 
Pb 3 4 and nitric acid in the production of the red color 
from manganous compounds. Would ferrous or ferric 
salts be formed when iron is dissolved in hydrochloric 
acid? in dilute sulphuric acid? in concentrated nitric acid? 
Which will the more easily dissolve iron, concentrated or 
dilute sulphuric acid? What are some of the pharmaceu- 
tical preparations of iron from which ammonium hydrate 
would fail to produce a precipitate? What is the valence 
of the iron in ferrocyanid and ferricyanid? For what is 
ferrous carbonate used in medicine and w T hat means is 
then adopted to prevent its oxidation ? Is the rapidity of 
oxidation of ferrous compounds modified by the presence 
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or absence of moisture? What pharmaceutical prepara- 
tions would be incompatible with iron compounds because 
of their containing tannic or gallic acid? What compounds 
of the alkali metals are chemically incompatible with salts 
of this group because of the resulting insoluble compounds? 
What can be used to prevent this precipitation? What 
chemical reagents can be employed to convert ferrous into 
ferric compounds? What application is made of the 
mutual decomposition of alum and an alkaline carbonate? 

GROUP II. 

Arsenic, antimony, tin, gold, platinum, mercury (ic 
compounds), lead, bismuth, copper, cadmium. Salts of 
these metals are precipitated from their acid solutions by 
hydrogen sulphid. For convenience they may be divided 
into two divisions : (A) Those of which the sulphids are 
insoluble in yellow ammonium sulphid, — mercuric com- 
pounds, lead, bismuth, copper and cadmium, and (B) those 
of which the sulphids are soluble in yellow ammonium 
sulphid, — arsenic, antimony, tin, gold and platinum. 

Division A. 

The sulphids of this division do not form soluble sulpho- 
salts with the alkaline sulphids and are consequently insol- 
uble in these reagents. Their oxids, hydrates, carbonates, 
phosphates, arsenates, arsenites and iodids as well as sul- 
phids are insoluble in water. 

Copper, Cu. 

The metal is practically insoluble in dilute sulphuric or 
hydrochloric acids but dissolves readily in nitric acid. Its 
soluble compounds are poisonous. 

For the reactions a 2-per-cent. solution of CuS0 4 may 
be used. 

76. Hydrogen sulphid or ammonium sulphid gives a 
brownish, nearly black, precipitate of copper sulphid, 



66 INTRODUCTION TO CHEMICAL ANALYSIS. 

CuS. It dissolves in hot nitric acid, also in solutions of 
potassium cyanid. 

77. Sodium hydrate or potassium hydrate, with copper 
solutions, forms the light blue, insoluble, cupric hydrate, 
Cu(OH) 2 , which is decomposed by boiling into black cupric 
oxid, CuO, and water. The presence of some organic 
compounds like glycerin, sugar and salts of tartaric and 
some other organic acids prevents the precipitation of 
copper by the sodium or potassium hydrate but instead it 
forms a deep blue solution. If one of the reducing sugars, 
like glucose, is present this, by boiling, reduces the cupric 
to a cuprous compound and yellow or reddish cuprous oxid 
is precipitated. 

78. Ammonium hydrate in small amounts forms a bluish 
green precipitate, but this dissolves easily in an excess of 
the reagent to a deep blue solution which contains (NH 3 ) 4 , 
CuS0 4 . The addition of KCN decolorizes the liquid. 

79. Soluble carbonates precipitate basic cupric carbonate 
which dissolves in excess of the ammonium carbonate. 

80. Potassium ferrocyanid gives a precipitate of reddish- 
brown cupric ferrocyanid, Cu 2 Fe(CN) 6 , insoluble in dilute 
acids. 

81. Metallic iron or zinc precipitates reddish metallic 
copper which collects on the metal. 

82. Cupric chlorid gives a light blue color to the Bunsen 

flame ; most other copper compounds give an emerald 

green. 

Bismuth, Bi. 

Bismuth will dissolve in nitric acid, forming the nitrate, 
and is not easily attacked by other acids. The soluble 
salts are decomposed by a large quantity of water, the 
bismuth being precipitated as a basic salt, and most of the 
acid being set free. 

Use for the reactions a 2-per-cent. solution of Bi(N0 3 ) 3 . 
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83. Hydrogen sulphid or ammonium sulphid precipitates 
black bismuth sulphid, Bi 2 S 3 , soluble in nitric acid. 

84. The alkaline hydrates precipitate Bi(OH) 3 , a white 
bulky solid, insoluble in excess. 

85. A bismuth solution, free from a large amount of 
nitric acid, after dilution with ten to twenty times its vol- 
ume of water forms a precipitate of a white basic salt. Boil- 
ing or the addition of a few drops of hydrochloric acid 
favors the precipitation. 

Bi(N0 3 ) 3 + H a O = BiONO, + 2HN0 3 . 

86. Stannous chlorid added to a solution of bismuth 
previously made alkaline by sodium hydrate reduces the 
bismuth to the black oxid, Bi 2 2 . This test can also be 
applied to many of the solid compounds. 

2Bi(NO a ) 3 + SnCl 2 + ioNaOH = Bi 2 2 + 6NaNO a 
+ 2NaCl 4- Na 2 Sn0 3 + sH 2 0. 

87. Potassium dichromate produces a yellow precipitate 
of bismuth chromate, Bi 2 (Cr0 4 ) 3 , which is soluble in nitric 
acid and insoluble in sodium hydrate. 

88. Sodium carbonate precipitates white basic bismuth 
carbonate, or subcarbonate. 

2Bi(N0 3 ) 3 + 3 Na 2 C0 3 + H 2 = (BiO) 2 C0 3 .H 2 

+ 6NaNO s + 2C0 2 . 

Cadmium, Cd. 

Cadmium dissolves in nitric, hydrochloric or dilute sul- 
phuric acid with the formation of the corresponding salts. 

A 2-per-cent. solution of Cd(N0 3 ) 2 may be used for the 
reactions. 

89. Hydrogen sulphid or ammonium sulphid precipitates 
from cadmium solutions bright-yellow cadmium sulphid, 
CdS, which dissolves in nitric acid but not in potassium 
cyanid or alkaline sulphids. 
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90. The hydrates of sodium, potassium or ammonium 
give a precipitate of white cadmium hydrate, Cd(OH) 2 , 
which is soluble in an excess of the last-named reagent. 

91. Soluble carbonates precipitate white cadmium car- 
bonate, insoluble in excess. 

Mercury. 

Mercury cannot be dissolved in hydrochloric acid. In 
cold, dilute nitric acid it dissolves to mercurous nitrate, 
HgNO s ; in hot, concentrated nitric acid it also dissolves, 
forming then mercuric nitrate, Hg(NO s ) 2 . Salts of mer- 
cury volatilize upon heating, either without or with decom- 
position. All the soluble compounds are poisonous. 

Mercuric Compounds, Hg". 

For the reactions a 2-per-cent. solution of Hg(NO a ) 2 may 
be employed. 

92. Hydrogen sulphid or ammonium sulphid with mer- 
curic solutions forms a white precipitate, if a very small 
amount of the reagent is used. As the reagent is increased 
the color changes to yellow, then brown, and, finally, black, 
insoluble mercuric sulphid, HgS, is formed. This is in- 
soluble in yellow ammonium sulphid, also in nitric or hy- 
drochloric acids when used singly. It does, however, dis- 
solve easily in aqua regia. 

93. Sodium hydrate or potassium hydrate, also the car- 
bonates of these metals, produce a yellow precipitate of 
mercuric oxid, HgO. With only a small amount of the 
reagent a brownish basic salt is formed. 

94. Ammonium hydrate precipitates white mercuric am- 
monium chlorid, NH 2 HgCl. 

2HgCl 2 + 2NH 4 OH = NH 2 HgCl + NH 4 C1 + 2H 2 0. 

95. A few drops of stannous chlorid, in the presence of 
HC1, forms with mercuric salts a white precipitate of jmer- 
curous chlorid, HgCl. 
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SnCl 2 + 2HgCl 2 = SnCl 4 + 2HgCl. 

If more of the stannous chlorid is added the white pre- 
cipitate is changed to gray metallic mercury which only 
very slowly collects into large globules. 

SnCl 2 + 2HgCl = SnCl 4 + Hg 2 . 

Other reducing agents produce HgCl, or, if strong, gray 
mercury in a similar manner. 

96. A strip of sheet copper in a solution of mercury 
acidified with hydrochloric acid (but free from nitric acid) 
precipitates the mercury as a gray film of the metal on the 
surface of the copper. By rubbing with a cloth or the 
finger this becomes a bright, white copper amalgam. If 
the strip is inserted in a narrow test-tube and this is heated 
the mercury is volatilized and collects as a gray ring in 
the cool part of the tube. When examined with the 
microscope it is seen to be composed of globules of the 
metal. When these are rubbed with a glass rod they col- 
lect into larger globules. If a single crystal of iodin is 
dropped into the tube and this then gently warmed the 
metal is converted into the bright scarlet iodid, Hgl 2 . 
Zinc and iron, like copper, set free the mercury from the 
chlorid. 

97. Potassium iodid, or other soluble iodids, with mer- 
curic solutions form a red precipitate of mercuric iodid, 
yellow at first but soon becoming scarlet. It is soluble in 
excess of either potassium iodid or mercuric chlorid. 

98. Dry compounds of mercury if mixed with dry sodium 
carbonate and heated in a matrass are decomposed, the 
mercury appearing in globules in the upper part of the 
tube. 

99. Besides the above reagents many animal and vege- 
table substances form insoluble compounds with mercuric 
solutions, e. g\, albumin, alkaloids, extractive matters and 
a great number of others. 
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Division B. 

The sulphids of this division unite with sulphids of the 
alkalies to form soluble compounds which are called sulpho- 
salts. These can be decomposed by acids, hydrogen sul- 
phid being set free and the metals reprecipitated as sulphids. 

Arsenic, As. 

Metallic arsenic dissolves in dilute nitric acid to arsenous 
acid, and in concentrated nitric acid to arsenic acid. It 
is insoluble in hydrochloric and dilute sulphuric acids. 
Almost all its compounds are poisonous. 

Dry Reactions of Arsenic and its Compounds. 

ioo. Metallic arsenic volatilizes when heated, giving a 
garlic odor. If the heating is done in a matrass the metal 
is deposited upon the upper, cool part of the tube as a coat- 
ing with a metallic luster. When in a rather thick layer 
it appears black by transmitted light, but it is of a brown 
shade when only a minute amount is present. 

ioi. If a small fragment of the metal is placed in the 
middle of a narrow glass tube a few inches in length and 
open at both ends and is then heated over the Bunsen flame, 
holding the tube obliquely, the arsenic is oxidized and the 
white crystalline As 2 3 is deposited in the upper part. 

102. Arsenous oxid, As 2 O s , if heated in a matrass, sub- 
limes without an odor, and is deposited upon the cooler 
part of the tube in octahedral or tetrahedral (eight-sided or 
four-sided) crystals. Their shape can be plainly seen with 
a microscope. The best crystals are obtained by having 
the upper part of the tube slightly warmed so as to prevent 
too rapid a deposition of the oxid. 

103. Arsenous oxid when volatilized over glowing char- 
coal is reduced to the metal. This can be demonstrated 
by drawing out the closed end of a small matrass to a rather 
narrow point and, after it has cooled, placing a fragment 
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of the oxid in the end, with a splinter of charcoal above it. 
Heat the charcoal to redness first, then gradually heat the 
arsenic compound. A dark mirror of arsenic appears in 
the upper part of the tube. Some other compounds of 
arsenic will give the same result, but not all of them. 

104. Arsenic sulphid and some of the arsenic compounds 
which are not reduced to the metallic form by charcoal 
alone, will be thus changed by mixing with sodium car- 
bonate and potassium cyanid, both previously thoroughly 
dried, and heating in the matrass. The mirror appears as 
before. 

Reactions of Compounds of Arsenic in Solution. 

In making the reactions of the soluble compounds of 
arsenic we may consider them as belonging to two classes, 
first those in which the arsenic has the positive position, 
as it does in the halogen compounds, and, secondly, the 
arsenous and arsenic acids and their salts (arsenites and 
arsenates) where the arsenic is found in the negative part 
or acid radical. Some reactions will be common to all 
compounds ; others will give different results with the dif- 
ferent classes. 

105. Arsenous oxid is soluble in water, though with diffi- 
culty. When so dissolved it forms the weak acid, H 3 AsO s , 
arsenous acid. It dissolves in hydrochloric acid to arsen- 
ous chlorid, AsCl 3 . Sodium hydrate or potassium hydrate 
dissolves arsenous oxid easily with the formation of the 
arsenites of these metals. Nitric acid and also aqua regia 
convert it into soluble arsenic acid, H 3 As0 4 . 

General Reactions of Soluble Arsenous Compounds (As'"). 

Use a i-per-cent. solution of AsCl 3 , As 2 O s , or K 3 As0 3 . 

106. Hydrogen sulphid with neutral or alkaline solu- 
tions gives no precipitate, but upon the addition of hydro- 
chloric acid it precipitates the arsenic as bright yellow 
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arsenous sulphid, As 2 S 3 . This is soluble in the alkaline 
hydrates, carbonates or sulphids, but not in hydrochloric 
acid. Boiling nitric acid dissolves it after converting it 
into arsenic acid. 

107. From acid solutions, ammonium sulphid, (NHJ 2 S, 
precipitates the same compound, As 2 S 3 , soluble in excess 
as ammonium sulpharsenite, (NH 4 ) 3 AsS 3 . From this solu- 
tion acids precipitate As 2 S 3 again. 

Reactions of Arsenous Acid and Arsenites. 

Use a i-per-cent. solution of As 2 3 or K 3 As0 3 . 

108. Silver nitrate in neutral solutions of an arsenite 
forms yellow silver arsenite, Ag 3 As0 3 , soluble both in ex- 
cess of ammonia and nitric acid. This reaction is con- 
cealed by the presence of any acid or salt which precipitates 
silver nitrate, such as hydrochloric acid or the chlorids. 
A convenient way to make the reaction is to first acidify 
the arsenous solution with nitric acid in a narrow test-tube, 
then, after adding a few drops of silver nitrate, to slant the 
tube and pour ammonia down the side carefully so as to 
prevent the liquids from mixing. The precipitate appears 
in the neutral zone between them. 

109. Copper sulphate in neutral solutions in the same 
way produces yellowish-green cupric arsenite, CuHAsO a . 
It dissolves in either ammonium hydrate or nitric acid. 

no. Salts of most metals except those of the alkalies 
form insoluble arsenites in neutral solutions. 

General Reactions of Arsenic Compounds (As v ). 

Use a i-per-cent. solution of Na 2 HAs0 4 . 

in. Hydrogen sulphid gives no precipitate in neutral 
or alkaline solutions of arsenates. If they are acidified it 
slowly reduces them to arsenous compounds, then precipi- 
tates them as arsenous sulphid, As 2 S 3 . Warming hastens the 
reduction and precipitation, but several hours are required 
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for its completion — sometimes twenty-four. Sulphur is 
precipitated at the same time. 

112. Ammonium sulphid produces no precipitate, al- 
though the soluble ammonium sulpharsenate (NH 4 ) 3 AsS 4 , 
is formed. When this is acidified with hydrochloric acid 
yellow arsenic sulphid, As 2 S 5 , is precipitated. 

Reactions of Arsenic Acid and Arsenates. 

Use a i-per-cent. solution of Na 2 HAs0 4 . 

113. Silver nitrate produces in neutral solutions of ar- 
senates, a reddish-brown precipitate of silver arsenate, 
Ag 3 As0 4 , soluble in dilute nitric acid and ammonium 
hydrate. The reaction may be made in the same manner 
as in 108. 

114. Copper sulphate, from neutral solutions precipi- 
tates greenish-blue cupric arsenate, CuHAs0 4 , soluble in 
ammonium hydrate or nitric acid. 

115. Magnesia mixture (magnesium sulphate with am- 
monium chlorid and ammonium hydrate ; it must be a 
clear solution and not cloudy), in solutions of an arsenate, 
forms white crystalline ammonium magnesium arsenate 
It dissolves easily in acids. 

116. Soluble salts of most metals except the alkali 
metals form, in neutral liquids, insoluble arsenates. 

General Reactions of Arsenous and Arsenic Compounds. 

Use a i-per-cent. solution of any compound of arsenic. 

117. From solutions of arsenic, strongly acidified with 
hydrochloric acid and warmed with strips of sheet copper, 
copper arsenid is precipitated which forms a dark-gray 
film on the surface of the copper. With very dilute solu- 
tions this can be accomplished by placing the solution with 
the copper in a test-tube and letting it stand half an hour 
in a beaker of boiling water. If then the copper is re- 
moved, washed with water, dried and heated in a small 

7 
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open tube (101) the arsenic is oxidized to As 2 3 , which is 
deposited in microscopic crystals. The copper remains 
black from the formation of its oxid (Reinsch's test). 
This test is very sensitive and is not prevented by the pres- 
ence of organic matter. 

118. Acidify 3-4 cc. of arsenic solution with pure 
hydrochloric or sulphuric acid, add a small piece of zinc 
(about one gram) that is known to be free from arsenic, 
cover the mouth of the tube with several thicknesses of 
filter paper upon the upper one of which has been put a 
drop of saturated silver nitrate solution. Let the tube 
stand where it is protected from a bright light and from 
hydrogen sulphid. After a time, varying with the amount 
of arsenic present, the spot on the paper becomes yellow 
with a brown or black margin. The addition of water 
changes it to black. The yellow compound is Ag 3 As, 
3AgN0 3 . This is produced by the action of the AsH 3 — 
formed by the nascent hydrogen and the soluble arsenic 
compound — and the silver nitrate. Water decomposes it, 
setting free metallic silver. (Gutzeit's test.) 

Ag 3 As, 3 AgNO + 3 H a O = 6Ag + H 3 As0 3 + 3HN0 3 . 

This test is a very sensitive one. 

119. If sodium hydrate or potassium hydrate is substi- 
tuted for the acid, the operation being otherwise performed 
in the same way, except that the solution may be slightly 
warmed, the same result appears (Fleitmann's test). This 
reaction is of value in distinguishing between arsenic and 
antimony. 

120. To 3-4 cc. of an arsenic solution add an equal 
volume of concentrated hydrochloric acid and half a gram 
of metallic tin, granulated or in the form of foil. Upon 
warming for some time a brown color or precipitate of 
arsenic is produced (BettendorPs test). 
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I2i. Nascent hydrogen converts arsenic compounds into 
gaseous hydrogen arsenid, or arsine, AsH 3 . This can be 
decomposed either by heating or by cooling the flame of 
the burning gas, the arsenic being deposited as a dark 
mirror-Hke coating on cold objects. This is the basis of 
Marsh's test. For making this many forms of apparatus 
have been proposed. The simplest of 
these consists of a small flask (200- 
300 cc.) fitted with a doubly perfor- 
ated stopper, one of rubber being pref- 
erable to cork. Through one hole a 
funnel-tube (a funnel with a piece of 
rubber tubing slipped over the stem 
answers for this) passes nearly to the 
bottom of the flask. The other is pro- 
vided with an exit tube of difficultly 
fusible glass which does not project 
into the flask and of which the outer 
end is drawn out to a small point. Into 
this apparatus is put 5-10 grams of 
pure granulated zinc, the stopper is in- 
serted and dilute sulphuric acid (one to 
eight), is poured in through the funnel 
lube. The hydrogen is allowed to es- 
cape until it is judged that all the air has 
been expelled before the gas is ignited. 
If there is any doubt of this a towel should first be loosely 
wrapped about the flask to avoid any flying fragments of 
glass if there is any explosion. Notice the color o£ the 
hydrogen flame, then hold in it a cold porcelain dish mov- 
ing it about so as to prevent its becoming excessively 
heated. If the zinc and acid are both free from arsenic 
there will be no discoloration of the porcelain. Now pour 
into the hydrogen flask a few drops of the solution to be 
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tested for arsenic, avoiding as far as possible the introduc- 
tion of air with it. The color of the flame soon changes 
to a bluish-white and upon the dish there will be deposited 
a brownish or black mirror of arsenic. The gas should 
not be allowed to escape into the room unburned after the 
arsenic compound is present since the hydrogen arsenid is 
extremely poisonous. Apply the following tests to the 
arsenic mirror. 

(a) Drop upon it a little of a solution of chlorinated lime 
(calcium hypochlorite). The mirror dissolves. 

(6) Add a drop of strong nitric acid. This also dissolves 
the arsenic. Carefully evaporate this solution to dryness, 
without heating to a high temperature. Moisten it with a 
drop of silver nitrate. A brick-red color will be produced. 

(c) Add to the mirror a few drops of ammonium sulphid. 
The arsenic is dissolved and the solution, if evaporated to 
dryness, leaves a yellow residue of arsenic sulphid. 

Fig. 12. 




Apparatus for the detection of a minute amount of arsenic by Marsh's test. 

Where the test is to be made more carefully, for minute 
amounts of arsenic, a somewhat larger generating flask is 
used (perhaps one liter), with more of the zinc. The 
funnel tube should be provided with a stop-cock to prevent 
the admission of air. The gas will contain moisture from 
the dilute acid, and to remove this should be passed first 
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through an empty U-tube cooled by suspension in water, 
then through a tube which is filled with lumps of dried cal- 
cium chlorid. The latter absorbs the moisture which is 
not condensed in the first tube. The dry gas now passes 
through a horizontal tube of glass which does not soften 
except at a very high temperature ( " hard glass " ). This 
tube is to be heated to redness with a Bunsen burner 
after all air has been driven out of the apparatus. Before 
introducing the arsenic solution, while the hydrogen is 
passing through it, the tube should be heated for half an 
hour to prove the purity of the reagents used. The pres- 
ence of arsenic is denoted by a brown or black mirror in 
the part of the tube immediately beyond the flame. If the 
glass is at this place contracted to a small diameter the 
mirror is more evident. If any of the arsenic compound 
is not decomposed here, which is usually the case, it can 
be tested for in the flame at the pointed end of the tube by 
means of the cold porcelain, as described above. During 
the test the escaping gas should be burned at the end of 
the tube or passed into a solution of silver nitrate to prevent 
the hydrogen arsenid from escaping into the air. With 
silver nitrate it forms a precipitate of metallic silver (black) 
and dissolves in the liquid. In long operations it is advisable 
to provide a means of removing the exhausted acid without 
the admission of air. This may be effected by inserting 
through a third hole in the stopper a bent glass tube closed 
at the outer end by a clamped rubber tube. By opening the 
clamp and closing the exit tube for a second the liquid can be 
siphoned from the flask. Where very minute amounts of 
arsenic are sought the operation may last for several hours. 
The arsenic mirror in the tube, when gently warmed in 
a slow stream of dry hydrogen sulphid, is converted into 
yellow arsenous sulphid. The reactions made with the 
mirror on porcelain can be applied here also. 



78 INTRODUCTION TO CHEMICAL ANALYSIS. 

By Marsh's test less than one one-hundredth of a milli- 
gram of arsenic in a cubic centimeter has been detected. 
It is interfered with or prevented by the presence of oxi- 
dizing agents, organic matter and the salts of some heavy 
metals like mercury. 

122. Freshly precipitated ferric hydrate (61) removes 
arsenous acid or arsenites from their solutions, as can be 
seen by shaking an excess with the arsenical liquid, filter- 
ing and testing the filtrate for the arsenic. It has been 
converted into an insoluble basic salt. Magnesium hydrate 
or oxid acts in a similar manner. 

123. The soluble hydrates and carbonates precipitate 
neither arsenous nor arsenic compounds. 

Antimony, Sb. 

The metal is of a white color with a bright luster and is 
very brittle. It does not dissolve in hydrochloric acid, but 
is soluble as a chlorid in aqua regia. Stong nitric acid 
changes it into a white metantimonic acid that is nearly 
insoluble in the nitric acid. Its soluble compounds, in 
large doses, are poisonous. 

For the reactions a i-per-cent. solution of KSbOC 4 H 4 6 
may be used. 

124. Hydrogen sulphid precipitates from acid solutions 
orange-red antimonous sulphid, Sb 2 S 3 . It is soluble in am- 
monium sulphid, as well as in the other alkaline sulphids, 
but is insoluble in ammonium carbonate. Boiling concen- 
trated hydrochloric acid dissolves it but it is insoluble in 
dilute acids. 

125. From faintly acid solutions ammonium sulphid pre- 
cipitates the same orange-red antimonous sulphid but dis- 
solves it in excess to ammonium sulphantimonate which, 
like the corresponding arsenic compound, is decomposed 
by acids with the precipitation of Sb 2 S 6 . 
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126. Metallic zinc precipitates from solutions which con- 
tain no nitric acid fine, black, metallic antimony. If, in 
an antimony solution containing an excess of hydrochloric 
acid, a piece of platinum foil is brought in contact with the 
zinc, the antimony is deposited as a dark-brown or black 
stain on the platinum. This can be removed by hot nitric 
acid but does not dissolve in hydrochloric acid. 

127. With nascent hydrogen, in a Marsh's apparatus 
(121), the antimony is converted into hydrogen antimonid, 
SbH 3 , a gas which is decomposed like the AsH 3 with the 
formation of an antimony mirror. It has these points of 
difference from arsenic : 

(a) It is usually of a more sooty black, although this may 
not be evident where only a very small amount is present. 

(b) In the tube of the Marsh's apparatus it is formed on 
both sides of the spot where the glass is heated, and is not 
so easily volatile as the arsenic. 

(c) It does not dissolve in a solution of calcium hypo- 
chlorite. 

(d) It dissolves in a drop of strong nitric acid but upon 
subsequent evaporation to dryness and moistening with 
silver nitrate solution it remains colorless. 

(e) When warmed in a current of dry hydrogen sulphid 
gas it is changed into red or black antimonous sulphid. 

(f) In ammonium sulphid it dissolves and upon evapora- 
tion to dryness the orange or red sulphid, Sb 2 S 3 , remains. 

128. Many of the soluble antimony salts are decomposed 
by large quantities of water with the precipitation of basic 
salts. This is true of the chlorid, which is changed into 
the basic chlorid. It sometimes occurs also when anti- 
mony solutions are slightly acidified by hydrochloric acid. 
The precipitate dissolves in a larger amount of the acid or 
in tartaric acid and is prevented from appearing if the tar- 
taric acid is added previously. 
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129. With Reinsch's test (117) antimony compounds give 
a dark coating on the copper but by heating in the open 
tube this forms amorphous Sb 2 O s which can be distin- 
guished from the arsenic compound by the aid of the mi- 
croscope (102). 

130. Gutzeit's test (118) gives immediately a black or 
brown stain of silver antimonid, Ag 3 Sb, on the paper, not 
a yellow one. 

131. Fleitmann's test (119) gives no result with antimony 
compounds. 

132. Tannic acid with an antimony potassium tartrate 
solution forms a white precipitate of antimony tannate, 
soluble in tartaric acid. 

With Bettendorfs test (120) the antimony compounds give 
no reaction. 

Soluble hydrates and carbonates precipitate white anti- 
monous hydrate, Sb(OH) 3 . 

Tin, Sn. 

The metal dissolves in concentrated hydrochloric acid, 
forming stannous chlorid. Concentrated nitric acid changes 
it into a white compound, insoluble in excess. In concen- 
trated aqua regia tin dissolves to stannic chlorid. 

There are two series of tin compounds, the stannous 
and the stannic. The former are readily converted into the 
latter by oxidizing agents or by standing exposed to the air. 

Stannous Compounds (Sn"). 

Use a 2-per-cent. solution of SnCl 2 for the reactions. 

133. Hydrogen sulphid in neutral or acid solutions pre- 
cipitates stannous sulphid, SnS, a dark brown compound. 
It dissolves in boiling hydrochloric acid. It is insoluble in 
colorless ammonium sulphid but soluble in the yellow am- 
monium sulphid to a sulpho-stannate, (NH 4 ) 2 SnS 3 . From 
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this solution acids precipitate yellow stannic sulphid, SnS 2 , 
mixed with sulphur. 

134. Ammonium sulphid precipitates stannous sulphid. 

135. Sodium hydrate or potassium hydrate precipitates 
white stannous hydrate, Sn(OH) 2 , soluble in excess, from 
which solution boiling precipitates stannous oxid, SnO. 

136. Ammonium hydrate also precipitates stannous 
hydrate, but does not dissolve it in excess. 

137. Metallic zinc precipitates dark gray or black, 
spongy, metallic tin from solutions containing hydrochloric 
acid. If platinum foil is present it is not discolored. 

138. Mercuric chlorid in hydrochloric acid solution gives 

a white precipitate of mercurous chlorid, HgCl, which 

turns black upon being made alkaline with ammonium 

hydrate. 

Stannic Compounds (Sn iv ). 

Use for reactions a 2-per-cent. solution of SnCl 4 . 

139. Hydrogen sulphid in excess precipitates from acid 
or neutral solutions yellow stannic sulphid, SnS 2 . It dis- 
solves in boiling hydrochloric acid and in the alkaline sul- 
phids to a sulpho salt (133). 

140. Ammonium sulphid gives the same, soluble in ex- 
cess and reprecipitated unchanged by acids. 

141. Zinc gives the same result as with stannous salts. 

Gold, Au. 

Gold is insoluble in nitric, hydrochloric or sulphuric 
acids. It dissolves in aqua regia or in other liquids where 
chlorin is set free forming the chlorid, AuCl 3 , and also is 
soluble in potassium cyanid. 

A very dilute solution of the chlorid may be used for the 
reactions. 

142. Hydrogen sulphid precipitates solutions of gold 
as a dark brown auric sulphid, Au 2 S 2 , that is soluble in 

8 
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alkaline polysulphids and in aqua regia, but not in single 
acids. 

143. Ferrous sulphate precipitates from acid solutions 
metallic gold as a yellowish-brown powder. 

2 AuCl 3 + 6FeS0 4 + 3H 2 S0 4 = Au 2 + 3Fe 2 (S0 4 ) 3 + 6HC1. 

144. Oxalic acid, H 2 C 2 4 , also precipitates the metallic 
gold from its solutions. 

2 AuCl 3 + 3H 2 C 2 4 = Au 2 + 6HC1 + 6C0 2 . 

The last two reagents precipitate the gold because of 
their power of reduction. Other reducing agents act in a 
similar manner. 

145. Stannous chlorid containing a little stannic chlorid, 
SnCl 4 , formed by partly oxidizing the stannous solution, 
gives with gold solutions a purple compound of varying 
composition, called the Purple of Cassius. It remains in 
suspension giving a purple color to the liquid. 

146. Metallic zinc, iron, copper or mercury, as well as 
some other metals, will precipitate the gold in the dark, 
finely divided metallic form. 

147. Ammonium hydrate, in concentrated gold solutions, 
forms a precipitate of reddish-yellow fulminating gold 
which, when dry, explodes violently by friction. 

148. Compounds of gold are decomposed, the metal 
being precipitated, by organic matter, e. g:, by boiling with 
sugar. 

149. Very minute quantities of gold, for example, a 
fraction of an ounce in a ton of ore, can be detected by 
extracting the metal from the finely powdered material by 
means of its own volume of tincture of iodin. It should be 
left in contact for some time to ensure an effective solution. 
If then a piece of absorbent white paper is dipped in the 
solution and afterwards dried and burned the gold will 
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color the ash purple. The test is more delicate if the 
paper is dipped and dried several times before ignition. 

Platinum, Pt. 

The metal is not soluble in single acids but it dissolves 
in aqua regia, although not so readily as does gold. This 
solution contains platinic chlorid, PtCl 4 . 

A i-per-cent. solution of PtCl 4 may be used for the re- 
actions. 

150. Hydrogen sulphid in acid solutions precipitates 
slowly (best with the aid of heat) platinic sulphid, PtS 2 . 
This is a nearly black compound, insoluble in single acids 
but soluble in alkaline polysulphids. From this, acids 
reprecipitate the sulphid. It is also soluble in aqua regia. 

151. Ammonium chlorid or potassium chlorid precipitates 
from hydrochloric acid solutions a double salt — ammonium 
platinum chlorid, PtCl 4 , 2NH 4 C1, or potassium platinum 
chlorid, PtCl 4 , 2KCI. These are yellow crystalline salts, 
somewhat soluble in water and rendered less so when 
alcohol is present. 

152. Metallic zinc or iron precipitates the platinum as 
spongy black metallic platinum. 

153. Oxalic acid does not precipitate platinum solutions 
and ferrous sulphate does so only after long boiling. Some 
other organic substance, however, like sugar or alcohol, 
will decompose boiling alkaline solutions, the metal being 
thrown down as a fine, black powder — platinum black. 

Directions for the Separation of the Metals of Group II. 

If the solution does not contain free acid, make it acid 
by the addition of hydrochloric. Precipitate all the bases 
of the group with hydrogen sulphid. This may be done 
by allowing the gas to pass through the solution, or by 
the use of a solution of hydrogen sulphid in water until a 
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precipitate no longer appears. Warm and stir the liquid 
until the precipitate settles, then when the metals have 
been completely precipitated filter and wash. Groups 
III, IV and V pass into the filtrate. Group II is divided 
into two, divisions, A and B, according to whether it is 
insoluble (A) or soluble (B) in yellow ammonium sulphid. 
Scrape the precipitate l from the filter or rinse it off with 
the aid of 15 cc. of yellow ammonium sulphid into a small 
porcelain dish. Heat gently, but not to boiling and keep 
it at this temperature for five minutes, stirring often. Fil- 
ter and wash, discarding the wash water. If the pre- 
cipitate has a tendency to pass through the filter this may 
be prevented by warming with 5 cc. of ammonium chlorid 
solution. 

Division A — Sulphids Insoluble in Yellow Ammonium 

Sulphid. 

The precipitate, obtained by saturating the acidified solu- 
tion with hydrogen sulphid, contains the sulphids of mer- 
cury, lead, bismuth, copper and cadmium. 

After the precipitate has been well washed rinse it from 
the paper with 10 cc. of dilute nitric acid and boil. The 
sulphids are all dissolved with the exception of the black 
mercuric sulphid which remains as a heavy sediment. A 
part of the lead sulphid may be oxidized to lead sulphate, 
an insoluble, white, heavy powder. Sulphur may also be 
present as a grayish, floating powder. Remove the mer- 
curic sulphid from the paper and dissolve it in 5 cc. of 
aqua regia (three volumes of hydrochloric and one volume 
of nitric acid), warming somewhat but not boiling. Filter 
off the sulphur and test the filtrate with a few drops of 

1 Instead of at first treating the whole precipitate with ammonium sul- 
phid it is better to test a small portion thus to learn if B is present. If it 
is, treat the whole in the same manner; if not, proceed directly to the 
examination for A. If it dissolves completely A is absent. 
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stannous chlorid. The mercury is precipitated as a white 
chlorid which becomes gray with an excess of the tin solu- 
tion or after heating. 

The solution of lead, bismuth, copper, and cadmium 
should be evaporated nearly to dryness under a hood, 
then diluted to 10 cc. with water and tested for lead by 
adding dilute sulphuric acid (avoiding a large excess) and 
half a dozen drops of alcohol. Lead sulphate, a fine, 
white, heavy powder is thrown down. It should be al- 
lowed to settle before filtering and, if necessary, a little 
more alcohol added to insure a complete precipitation. 
Filter and wash. The lead may be confirmed by the 
solubility of the washed sulphate in sodium hydrate and 
the blackening of this solution by the addition of ammo- 
nium sulphid. 

To the filtrate from the precipitated lead sulphate, which 
contains nitrates of bismuth, copper and cadmium, add am- 
monium hydrate until it smells strongly of this reagent. 
The bismuth is precipitated as a white flocculent hydrate 
while the copper and cadmium dissolve in excess, the 
former giving a deep blue solution. Filter, wash, and con- 
firm the bismuth by the addition of a few drops of sodium 
hydrate and as much stannous chlorid, to the substance on 
the paper, when the compound turns black. 

If a blue color indicates copper in the filtrate from the 
bismuth, acidify one half and confirm the copper by potas- 
sium ferrocyanid which produces a reddish-brown precipi- 
tate. To the remainder add potassium cyanid until the 
blue color disappears, then precipitate the bright yellow 
cadmium sulphid by hydrogen sulphid. If no blue color 
is present the copper is probably absent in which case the 
potassium cyanid may be omitted and the whole filtrate 
from the bismuth may be tested for cadmium. 
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Division B — Sulphids Soluble in Yellow Ammonium 

Sulphid. 

This contains the sulphids of arsenic, antimony, tin, gold 
and platinum. Acidify the filtrate with hydrochloric acid. 
The sulphids of three bases are precipitated in curdy masses. 
If the precipitate is fine and nearly white and settles very 
slowly it is only sulphur and may be neglected. Otherwise 
filter and wash, adding ammonium chlorid as above if the 
filtrate is not clear. 1 From the precipitate which contains 
the sulphids of all the metals of Division B, dissolve the 
arsenic sulphid by digesting several minutes with about 10 
cc. of ammonium carbonate, then filter. The arsenic can 
be detected in this solution after acidifying, by applying to 
the liquid which contains the sulphid in suspension Gut- 
zeit's (118) or Reinsch's (117) tests. 

The well-washed precipitate should have the water re- 
moved from it as far as possible by draining and pressing, 
then after removal from the paper is to be warmed in con- 
centrated hydrochloric acid for several minutes. This 
should be done under a hood and the acid must not be al- 
lowed to boil violently. The sulphids of antimony and tin 
dissolve, and those of gold and platinum remain, mixed 
with some sulphur and possibly a part of the arsenic sul- 
phid. 

After filtering pour the filtrate into a dish, add a few 
fragments of zinc and immediately bring a piece of plati- 
num foil into contact with this. If antimony is present it 
will make a brown or black stain on the foil to which it 
adheres very firmly. The tin is precipitated in the metal- 
lic form but nearly black in color and so heavy that it 
quickly settles to the bottom. Let the action proceed until 
it seems certain that all the antimony and tin are precipi- 

1 As the filtrate is not to be used it may, for economy of time, be de- 
canted without filtration. 
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tated, then wash the tin by decantation and dissolve it in one 
of two cubic centimeters of warm concentrated hydrochloric 
acid. This solution when added to mercuric chlorid pre- 
cipitates white mercurous chlorid, which turns black if the 
liquid is made alkaline with ammonia. If the stannous 
chlorid is in excess it sets free gray metallic mercury from 
the mercurous chlorid. 

The antimony can be confirmed, if thought desirable, 
by warming the coated foil in 2-3 cc. of yellow ammonium 
sulphid in a test-tube, then evaporating to dryness. 
Orange-red antimonous sulphid remains. 

The remaining precipitate from which the sulphids of 
arsenic, antimony and tin have been dissolved by am- 
monium carbonate and hydrochloric acid will be dark 
colored if it contains the sulphid of gold or platinum. 
Otherwise it will consist of sulphur with possibly some 
arsenic sulphid that the ammonium carbonate did not com- 
pletely dissolve. If it is dark in color, warm it with aqua 
regia to dissolve the gold and platinum, filtering if solution 
is not complete. Test half the filtrate for gold with a 
mixture of stannous and stannic chlorids (Purple of Cas- 
sius, 145). From the other half, precipitate the yellow, 
crystalline ammonium platinic chlorid with NH 4 C1, using 
a rather strong solution. Confirm this by examination 
with the microscope (151). 

Explanation of the Separation of the Metals of Group II. 

If group I has previously been removed from the solu- 
tion it will contain hydrochloric acid, otherwise this must be 
added, partly to favor the precipitation of some of the sul- 
phids in this group, partly to prevent a precipitation of 
some of those of group III. A large amount of hydrogen 
sulphid will be necessary because the solution cannot be 
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made concentrated and the gas precipitates the metals 
slowly. 

Arsenic, antimony and tin sulphids are all converted into 
soluble sulpho-salts by the ammonium sulphid. In the case 
of stannous sulphid the yellow or polysulphid is necessary. 
This is made by dissolving sulphur in the colorless ammo- 
nium sulphid, when one or more atoms of sulphur are added 

Table IV. 

Outline of the Separation of the Metals of Group II. 

From the acidified solution precipitate with H 2 S. The precipitate con- 
tains all the bases as sulphids. Filter and w^sh. Warm the precipitate 
in yellow ammonium sulphid. Filter and wash. The filtrate contains 
the sulphids of As, Sb, Sn, Au and Pt (Division B). The precipitate 
contains HgS, PbS, Bi 2 S 8 , CuS and CdS (Division A). 



DIVISION A. 

After the precipitate, formed by H 2 S, has been washed boil it with 
HN0 3 , and filter. 



A black insol- 
uble residue is 
HgS, often 
mixed with sul- 
phurandPbS0 4 . 
Warm it with 
aqua regia. and 
after filtering 
add SnCl 2 . 
White HgCl is 
precipitated, 
changed to gray 
Hg with excess 
of the reagent. 



The solution contains the nitrates of Pb, Bi, Cu, and 
Cd. Evaporate it nearly to dryness under a hood. Di- 
lute with water and precipitate the Pb with dilute 
H 2 S0 4 and a few drops of alcohol, if necessary for com- 
plete precipitation. Filter and wash. 



The precipi- 
tate is PbS0 4 . 
Dissolve in 
NaOH and add 
to the solution 
H 2 S. Black 
PbS is pro- 
duced. 



The filtrate contains Bi, Cu, and Cd. 
Add NH 4 OH in excess and, if there is 
a precipitate, filter. 



Bi(OH) 3 
is the pre- 
cipitate. 
After it has 
been 
washed 
moisten it 
on the paper 
with NaOH 
then with 
SnCl 2 . It 
turnsbrown 
or black. 



The pres- 
ence of Cu 
in the solu- 
tions is indi- 
cated by the 
blue color. 
Acidify one 
part and add 
K 4 Fe(CN) 6 . 
Cu 2 Fe- 
i(CN) 6 , a 
1 reddish 
brown com- 
pound ap- 
pears. 



To the 
other part 
add KCN un- 
til it is color- 
less, then 
H,S. Yel- 
low CdS is 
precipitated. 
In absence 
of Cu omit 
KCN. 
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DIVISION B. 

Acidify the filtrate slightly with HC1. The A« 2 S 3 , Sb 2 S 3 , SnS 2 , Au,S», 
and PtS 2 are precipitated with fine white sulphur. Filter and wash, 
discarding the filtrate. Warm the mixed sulphids for several minutes in 
a te8t-tube with (NH 4 ) 2 C0 3 . Filter and wash. 



The solution 
contains the 
As. Acidify 
with HC1 and 
apply Gut- 
zeit's or 
Reinsch's test. 



The insoluble residue contains Sb 2 S 3 , SnS 2 , Au 2 S 3 and 
PtS 2 . As far as possible remove water, place in a porce- 
lain dish and warm under a hood with concentrated HC1. 
Filter. 



The filtrate contains SbCl 8 
and SnCl 2 . Add a little Zn, 
and touch it with a Pt foil. 
The Sb makes a brown de- 
posit on the Pt. The Sn is 
precipitated as a heavy black 
powder. Wash this by de- 
cantation and dissolve in 
concentrated HC1. A few 
drops of HgCl 2 gives a white 
precipitate, HgCl (black- 
ened by NH 4 OH), or gray 

Hg. 

If the foil is rinsed, then 
warmed in (NH 4 ) 2 S X , the Sb 
is dissolved and after evap- 
oration to dryness leaves 
orange-red Sb 2 S 3 . 



The insoluble part con" 
tains only S and (possibly) 
As 2 S, if it is light-colored. If 
Au«S 3 or PtS 2 is present it is 
dark-colored. In the latter 
case warm it with aqua regia 
and filter out any insoluble 
residue. The filtrate con- 
tains AuCl 3 and PtCl 4 . Di- 
vide it into two portions. 
To one add stannous and 
stannic chlorids. A purple 
color indicates gold. To 
the other add NH 4 C1. Yel- 
low precipitate of PtCl 4 , 
2NH 4 C1. 



to the molecule, forming (NH 4 ) 2 S x where x = two or more. 
The tin is changed to a stannic compound when it dissolves. 

SnS + (NH 4 ) 2 S 2 = (NH 4 ) 2 SnS 3 . 

Acidifying decomposes the sulpho-salt and precipitates 
the tin as a stannic, not a stannous, sulphid. 

(NH 4 ) 2 SnS 3 + 2HCI = SnS 2 + 2NH 4 C1 + H 2 S. 

In the digestion of the mixed groups with yellow ammo- 
nium sulphid boiling must be prevented because this would 
decompose the ammonium sulphid. 

Sulphur is always precipitated, white because of its fine- 
ness, when a polysulphid is acidified. 



(NH 4 ) 2 S 2 + 2HCI = 2NH 4 C1 + H 2 S + S. 
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Explanation of the Separation of the Metals of Group II, 

Division A. 

The sulphids of copper, bismuth and cadmium dissolve 
in boiling nitric acid, forming nitrates, and lead 1 does so in 
part, but may be partly oxidized to insoluble lead sulphate. 
This remains with the mercuric sulphid which does not 
dissolve in a single acid. The lead compound does not 
become soluble by the action of aqua regia but the mer- 
curic sulphid is changed to the chlorid. The action of the 
tin chlorid is as described in 95. 

The portion of the lead which went into solution with 
the other metals can be precipitated as the sulphate but 
since the presence of much free nitric acid will to some ex- 
tent prevent this, thus leaving some of the metal to inter- 
fere with future tests, it is better to remove the acid. To 
accomplish this the evaporation must be carried so far that 
but a very small bulk remains as the acid is driven off only 
after the water, in the last stages of the operation. The 
lead sulphate is not entirely insoluble but can be made 
more so when alcohol is present. The acid should be 
added as long as a precipitate appears but a great excess 
is objectionable because of the large amount of ammonium 
hydrate which it would necessitate in the next step. 

A very small quantity of copper gives the blue color 
with ammonium hydrate, which must be in excess to pro- 
duce it. If the color is well marked the ferrocyanid test 
may be unnecessary. 

It is necessary to confirm the bismuth by some other test 
than precipitation by ammonium hydrate, since if any of 
the lead had remained unprecipitated by sulphuric acid it 
also would form a white precipitate here. It does not, 
however, respond to the confirmatory test for bismuth. 

1 Although lead is classified with the metals of group I it will, if pres- 
ent, be found in part in group II. 
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The addition of potassium cyanid before testing for cad- 
mium is to prevent the precipitation of the copper as a sul- 
phid by hydrogen sulphid (76, 89). This being so much 
darker than the cadmium sulphid, the latter would prob- 
ably escape detection. 

Explanation of the Separation of the Metals of Group II, 

Division B. 

Of the three precipitated sulphids only that of arsenic is 
soluble in ammonium carbonate, from which solution it is 
precipitated as As 2 S 3 by acidifying. Either Gutzeit's or 
Reinsch's test will act with the suspended arsenous sulphid 
without its being filtered from the liquid. 

The stannic sulphid with hydrochloric acid dissolves to 
SnCl 4 , and the antimony sulphid to SbCl 3 . The antimony 
compound is with difficulty attacked by the acid and for 
this reason it must be as far as possible free from water 
to avoid dilution of the acid. Boiling would weaken the 
latter by driving off the gaseous HC1. The chlorids of 
tin and antimony are both reduced to the metal by nascent 
hydrogen. This is produced by the action of an acid on 
zinc. If platinum is present the antimony is deposited 
upon it but the tin is not. Zinc almost always contains 
impurities which remain after it has dissolved. They are 
often black in color but float in the liquid while the tin is 
heavy and quickly settles. To confirm it the stannous 
chlorid is produced by the aid of concentrated hydrochloric 
acid and this is added to 2-3 cc. of mercuric chlorid, yield- 
ing white mercurous chlorid or gray metallic mercury. 
The reactions are as follows : 

2HgCl 2 + SnCl 2 = 2HgCl + SnCl 4 . 
2HgCl + SnCl 2 = 2Hg + SnCl 4 . 

The fine coating of metallic antimony dissolves readily 
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in yellow ammonium sulphid to the sulph-antimonite and 
this is decomposed by the heat of evaporation to antimo- 
nous sulphid. 

The sulphids of gold and platinum which do not dissolve 
in a single acid do so in aqua regia and can be precipitated 
from this by the ordinary reagents. 

Practical Exercises in Group II. 

i. Mix in a beaker 3-5 cc. each of solutions of mercury, 
lead, copper, bismuth and cadmium, and, after precipitat- 
ing with hydrogen sulphid, separate the metals according 
to Table IV, division A. 

2. In the same manner precipitate a mixture of the solu- 
tions of arsenic, antimony and tin with hydrogen sulphid 
and separate the mixed sulphids according to Table IV, 
division B. 

3. For practice in separation of the group into its two 
divisions mix in the same way one or two from each divi- 
sion, e. £*., mercury, copper, arsenic and antimony. In 
making the selection it should be remembered that stannous 
solutions reduce mercuric compounds and that this and 
other chlorids precipitate lead in part, also that to keep 
bismuth, and sometimes antimony, in solution after dilution 
a considerable quantity of acid is required. 

4. For further practice make analyses of unknown mix- 
tures of the metals of group II furnished by the instructors. 

Questions for Further Study on Group II. 

What use is made in medicine of the fact that arsenous 
acid forms an insoluble compound with ferric or magnesium 
hydrate ? How should the ferric hydrate be prepared for 
this purpose and what will be the most convenient mate- 
rials? Soluble salts of what metals would be incompatible 
with solutions of arsenites and arsenates ? Is the insolu- 
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bility of the arsenites and arsenates of the heavy metals 
sufficient to render these compounds non-poisonous? What 
classes of soluble compounds would be incompatible with 
solutions of metals of group II? Where and how is cupric 
hydrate used in testing for glucose ? What is the difference 
between the red and the black mercuric sulphid ? between 
yellow and red mercuric oxid? What is the pharmaceuti- 
cal name of the yellow oxid and how is it prepared? What 
pharmaceutical names are applied to the mercuric ammo- 
nium chlorid? What medicinal substances have sufficient 
reducing powers to take the whole or a part of the chlorin 
from mercuric chlorid? With what class of medicinal 
compounds would a solution of mercuric chlorid in an ex- 
cess of potassium iodid be incompatible ? What compound 
of antimony most commonly causes acute poisoning ? Could 
any of the above reagents be safely used to render it insolu- 
ble in the gastric juice? If so in what form or preparations 
could it be most conveniently obtained ? 

GROUP I. 
Lead, Silver and Mercury (Mercurous Compounds). 

They are precipitated from their solutions by hydro- 
chloric acid. Their sulphids, carbonates, phosphates, 
oxids, hydrates, arsenates, arsenites, bromids, and iodids, 
as well as their chlorids, are insoluble in water, although 
lead chlorid is somewhat soluble. 

Lead, Pb. 

Lead is soluble in dilute nitric acid, more easily by the 
aid of heat, but is little affected by hydrochloric or sul- 
phuric acids. Its soluble compounds are poisonous. 

A great number of organic substances form insoluble 
compounds with lead acetate, which can consequently be 
used to remove them from solution. 
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For the reactions use a i-per-cent. solution of Pb(C 2 H 3 2 ) 2 . 

154. Hydrogen sulphid or soluble sulphids give with 
lead solutions a black precipitate of lead sulphid, PbS, 
soluble in dilute nitric acid, sulphur being set free at the 
same time. If very strong nitric acid is used sulphuric 
acid is formed from the sulphur and this converts the lead 
into insoluble, white, lead sulphate, PbS0 4 . 

155. Sodium hydrate or potassium hydrate precipitates 
lead hydrate, Pb(OH) 2 . This dissolves in an excess of 
the reagent with the formation of a plumbate of the alkali 
metal, Na 2 Pb0 2 or K 2 Pb0 2 . 

156. Ammonium hydrate precipitates a white basic salt 
which does not dissolve in an excess of the precipitant. 

157. Sodium carbonate, or other soluble carbonates, 
precipitate white basic lead carbonate, (PbCO a ) 2 Pb(OH) 2 , 
soluble in acids, except sulphuric. 

158. Hydrochloric acid or soluble chlorids in concen- 
trated solutions of lead salts form a heavy white precipi- 
tate of lead chlorid, PbCl 2 . This dissolves in hot water 
and on cooling, separates again in the form of needle- 
shaped crystals. 

159. Sulphuric acid or soluble sulphates give a fine, 
heavy, white precipitate of lead sulphate, PbS0 4 . From 
very dilute solutions it only appears after standing a long 
time. Free acids, except sulphuric, hinder its separation 
and alcohol hastens it. Lead sulphate dissolves in sodium 
hydrate. 

160. Potassium chromate or dichromate precipitates yel- 
low lead chromate, PbCr0 4 , soluble in nitric acid or sodium 
hydrate. 

161. Potassium iodid precipitates yellow lead iodid, 
Pbl 2 , from not too dilute solutions. This dissolves in boil- 
ing water from which it separates as the water cools. 

162. Tannic acid precipitates yellowish lead tannate. 
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Mercurous Compounds, Hg'. 

Use for the reactions a i-per-cent. solution of HgNO s . 

163. Hydrogen sulphid or soluble sulphids produce with 
mercurous salts a black precipitate of mercuric sulphid 
mixed with mercury. 

2HgNO s + H 2 S = HgS + 2HNO s + Hg. 

164. Sodium hydrate, potassium hydrate or calcium hy- 
drate form a black precipitate of mercurous oxid, Hg 2 0, 
insoluble in excess. 

165. Ammonium hydrate precipitates a black mercurous 
ammonium salt. 

2HgNO a + NH 4 OH = Hg 2 NH 2 N0 3 + NH 4 NO s . 

166. Hydrochloric acid or soluble chlorids precipitate 
fine, white, heavy mercurous chlorid, HgCl. This is sol- 
uble in aqua regia, being converted into mercuric chlorid, 
HgCl 2 . It dissolves with much difficulty in nitric or hydro- 
chloric acids singly. Ammonium hydrate changes it into 
black mercurous ammonium chlorid. Dry HgCl is slowly 
changed by sugar and some other organic substances into 
HgCl 2 and Hg. 

167. Potassium iodid or soluble iodids precipitate green- 
ish-yellow mercurous iodid, Hgl. 

168. Metallic copper and stannous chlorid give the same 

m 

reactions as with the mercuric compounds. Other reduc- 
ing agents act like stannous chlorid. 

169. Nitric acid and other oxidizing agents change 
mercurous to mercuric compounds. 

Silver, Ag. 

Nitric acid readily dissolves silver but hydrochloric acid 
does not do so. Its soluble salts are poisonous. 

Use for the reactions a i-per-cent. solution of AgN0 3 . 
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170. Hydrogen sulphid or soluble sulphids precipitate 
black silver sulphid, Ag 2 S, which dissolves in boiling nitric 
acid. 

171. Hydrochloric acid or soluble chlorids give a pre- 
cipitate of heavy, curdy, white silver chlorid, AgCl. At 
the time of precipitation it is white, but by exposure to the 
light it gradually turns violet, then gray and finally black. 
In very dilute solutions it does not precipitate at first, the 
liquid becoming opalescent or milky. From this the precipi- 
tate slowly settles after it has stood for some time, or more 
rapidly by boiling. Silver chlorid is not soluble in nitric 
acid but dissolves readily in ammonium hydrate and is repre- 
cipitated from this solution by acidifying with nitric acid. 

172. Sodium hydrate, potassium hydrate or ammonium 
hydrate precipitate silver oxid, Ag 2 0, which dissolves in an 
excess of the last but not of the two first named reagents. 

173. Potassium chromate or dichromate forms a dark- 
red precipitate of silver chromate, Ag 2 Cr0 4 . 

174. Zinc, copper, mercury, tin or lead precipitate the 
metal. 

175. Ferrous sulphate, FeS0 4 , and other reducing 
agents separate the metal from its compounds. 

Separation of the Metals of Group I. 

Add hydrochloric acid to the solution. Silver and mer- 
cury (ous) are precipitated, with most of the lead, as 
chlorids. Filter and wash in cold water. Make a hole in 
the apex of the filter and with 10-15 cc « °^ water rinse the 
precipitate into a test-tube. Heat to boiling and filter while 
hot. The lead chlorid is dissolved. Test a portion of 
the filtrate after it is cold for this with dilute sulphuric acid. 
A fine white precipitate of lead sulphate is formed. From 
another portion with potassium dichromate precipitate yellow 
lead chromate. 
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After the precipitated chlorids of silver and mercury 
have been washed with hot water on the filter, pour over it 
10 cc. of warm ammonium hydrate, receiving the filtrate 
in a clean test-tube. The silver chlorid dissolves. Mer- 
curous chlorid is changed to a black solid which remains 
upon the filter. 

Acidify the filtrate with nitric acid. The silver chlorid 
appears as a white precipitate or opalescence, soluble in 
ammonia and reprecipitated by nitric acid. 

Table V. 

Outline of Separation of the Metals of Group I. 

To the solution of the mixed metals add HC1 in excess. Filter and 
wash in cold water. The precipitate contains PbCl 2 , AgCl and HgCl. 
All other groups present in the original solution pass into the filtrate. 
Boil the precipitate with water, filtering hot. 



The filtrate contains 
PbCl 2 . Test part with 
H 2 S0 4 ; a fine white pre- 
cipitate is lead sulphate. 

Test part with K 2 Cr 2 7 ; 
a yellow precipitate is 
lead chromate. 



The insoluble residue contains AgCl and 
HgCl. 

Dissolve the AgCl in warm NH 4 OH. 



Acidify the filtrate 
with nitric acid ; a white 
precipitate is AgCl. 



The mercury re- 
mains as black, in- 
soluble NH 2 Hg 2 Cl. 



Explanation of the Separation of the Metals of Group I. 

This depends upon the solubility of the chlorids, lead 
chlorid dissolving in hot water but not easily in cold, and 
silver chlorid in ammonium hydrate, and not in hot water, 
the mercurous chlorid being insoluble in both. 

The lead can be confirmed in the aqueous solution by 
any of its characteristic precipitants. 

With ammonium hydrate silver chlorid forms ammonio- 
silver chlorid, (AgCl) 2 3NH 3 , which is soluble. It is de- 
composed by acids, the silver chlorid separating again. 

(AgCl) 23 NH 3 + 3HNO3 = 2AgCl + 3 NH 4 NO r 

The detection of the mercurous chlorid is without diffi- 
9 
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culty since it is the only one of the three which gives a 
dark color with ammonium hydrate. 

Practical Exercise on Group I. 

Mix in a test-tube 4-5 cc. each of solutions of silver, 
lead and mercurous salts and make the separation as given 
above. 

Questions for Further Study on Group I. 

Would the compounds of lead which are formed as pre- 
cipitates be necessarily insoluble in the gastric juice? Are 
there any of the reagents which might be employed in 
cases of acute lead poisoning as antidotes? Would all of 
those which form insoluble compounds and which would 
thus prevent absorption, be suitable for such a purpose ? 
What organic compounds commonly used medicinally 
would be incompatible with lead compounds? What is the 
common name of lead carbonate? In accordance with the 
above reactions what would be a safe and easily obtainable 
antidote for a poisonous dose of mercurous or silver nitrate? 
What is the pharmaceutical name of mercurous chlorid? 
How does it compare in its chemical properties and physi- 
ological action with mercuric chlorid? Would the chem- 
ical antidotes for mercurous chlorid necessarily precipitate 
mercuric chlorid? What is the danger of leaving dry 
mercurous chlorid for a long time mixed with organic sub- 
stances? What is the pharmaceutical name of mercurous 
oxid and how is it prepared? Where is the turning dark 
of silver chlorid by light made use of practically ? 

The Separation of Metals into Groups. 

The different metals can be precipitated in succession in 
groups from the original solution by using these group 
reagents in the following order : 
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i. Hydrochloric acid, which precipitates group I, silver, 
mercurous compounds and lead (in part). 

2. Hydrogen sulphid, which precipitates group II, lead 
(remainder), mercuric compounds, copper, bismuth, cad- 
mium, arsenic, antimony, tin, gold and platinum. 

3. Ammonium sulphid (in the absence of phosphates, 
oxalates, borates, citrates and tartrates), which precipitates 
group III, cobalt, nickel, iron, manganese, chromium, 
zinc and aluminum. 

4. Ammonium carbonate, which precipitates group IV, 
barium, strontium and calcium, but not magnesium. 

Magnesium, sodium, potassium and ammonium are not 
precipitated by any of the above reagents. 
The details of the separation are as follows : 
To the cold solution which may contain all the metals 
add hydrochloric acid 1 as long as any precipitate forms. 
This contains group I. Separate the metals according to 
Table V. Filter, and to the filtrate add hydrogen sulphid until 
the liquid smells of this gas. Warm, stir to make the pre- 
cipitate collect in large masses, then, if the precipitation is 
complete, filter and wash with warm water. The metals 
of group II, are on the filter, the remainder of the groups 
in the filtrate. Make the separation according to table IV. 
If the aqueous solution of hydrogen sulphid has been used 
to precipitate group II, and the filtrate is therefore of large 
volume, it may be concentrated to 40-50 cc. by boiling. 
It should then be made neutral or faintly alkaline by am- 
monium hydrate and, after the addition of ammonium 
chlorid, be precipitated by a slight excess of ammonium 
sulphid. Warm nearly to boiling, filter and wash. The 
precipitate contains the metals of group III. Separate 

1 In precipitating the different groups, when their presence or absence 
is uncertain, it is usually better to first test only a small portion of the so- 
lution with the group reagent, then, if a precipitate forms, to treat the 
whole in the same manner. 
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them as in Table II or III. Boil the filtrate until the am- 
monium sulphid has been decomposed, as is shown by the 
disappearance of its odor, filtering out the sulphur if any 
has been set free. Precipitate group IV with ammonium 
carbonate, warming nearly to boiling to insure its complete 
separation. Filter and wash. Analyze the group by the 
use of Table I. If the filtrate is much diluted, evaporate 
to 20 or 30 cc. and apply the flame tests for sodium and 
potassium. Afterwards add to the solution sodium phos- 
phate as a test for magnesium. Test the original sub- 
stance for ammonium. 

The Method of Analysis of Alloys Containing 

Hg, Ag, Cu, Bi, Pb, Cd, Au, Pt, Sb, Sn, Ni, Co, Fe, 

Mn, Cr, Al, Zn. 

Warm the fine alloy with equal parts of concentrated 
nitric acid and water under a hood until no gritty particles 
remain. Au, Pt, Sb and Sn are not dissolved ; the others 
go into solution. Filter and wash. 

Evaporate the filtrate to a small volume if much acid has 
been used and precipitate by an excess of H 2 S, which 
forms insoluble sulphids of Hg, Ag, Cu, Bi, Pb and Cd. 
Stir until it settles, then filter and separate metals in the 
filtrate by Table II. Wash the precipitate well, then rinse 
it from the paper with about 10 cc. of nitric acid and sepa- 
rate the metals by Table IV, Division A. 

If Au or Pt are contained in the first insoluble residue it 
will be dark in color. The compounds of Sb and Sn are 
white. Dissolve the moist precipitate in a little warm 
aqua regia and, after filtering, boil the solution a minute 
under the hood to expel the chlorin. Test half for Sn 
and Sb by metallic zinc and platinum (Table IV, Divi- 
sion B). Evaporate the excess of acid from the other 
half of the solution under a hood and dissolve in 3-4 cc. 
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of water. Test a part for Au by SnCl 2 , which gives a 
purple color (purple of Cassius). To the rest add strong 
ammonium chlorid. Pt gives a yellow crystalline precipi- 
tate (151). 

Practical Exercises on General Analysis. 

For further drill the student should make analyses of as 
many unknown substances as possible, where all the groups 
must be sought for. 

Questions for Further Study on the Metallic Compounds. 

Which of the metals are incompatible with the alkaline 
hydrates because of their being precipitated? Does cal- 
cium hydrate have a similar action to that of the hydrates 
of the alkali metals? What hydrates have an alkaline 
reaction? What carbonates? What ones of the common 
pharmaceutical preparations have an alkaline reaction? 
Which groups of metals are precipitated by soluble car- 
bonates? Of which ones are the carbonates soluble in 
water? What medicinal substances with an oxidizing 
action are the most commonly used in solution? What 
ones have a reducing action? What is meant by oxidizing 
and " reducing"? What compounds of the metals studied 
would be so far affected by the last-mentioned reagents as 
to cause an incompatibility? What classes of compounds 
would be incompatible with the metallic compounds of 
group I by rendering them insoluble? with group II? 
with group III? with group IV? with group V? What 
pharmaceutical preparations contain tannic acid? Does 
albumin form insoluble combinations with any other me- 
tallic compounds except mercuric salts? Are any other 
compounds decomposed by exposure to light with the ex- 
ception of silver chlorid? What is the usual composition 
of precipitates produced by the action of a soluble hydrate 
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on a soluble metallic salt? by a soluble carbonate? Are 
there any exceptions to the usual rule ? Knowing the com- 
position of the reagent used, sulphid, phosphate, chromate, 
sulphate, etc., can we predict what will be the composition 
of the precipitate which it will form with a soluble com- 
pound of another metal? 
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CHAPTER II. ACIDS. 

In testing for the presence of an acid we must distinguish 
between the acid in the free state and that which is com- 
bined as a salt (the hydrogen being wholly or in part re- 
placed by a metal), as the reactions of one form often differ 
from those of the other. Free acids usually turn blue 
litmus red, but the same is true of many acid salts as well 
as of some normal salts of the heavy metals. The acids 
may be classified in a number of groups according to the 
similarity of their chemical action, but the actual separa- 
tion of the acids from a complex mixture is not so simple a 
proceeding as that of the bases. 

Sulphuric Acid, H 2 S0 4 , and Sulphates. 

176. Pure sulphuric acid is a heavy, oily liquid (sp. gr. 
1.85) which generates a large amount of heat when diluted 
with water, with which it forms a number of compounds. 
It dissolves many metals as sulphates. 

177. The free acid chars most organic compounds when 
it is warmed with them by abstracting the elements of 
water and leaving the carbon. If the acid is dilute the 
charring only occurs after the water has been evaporated, 
leaving the concentrated acid. This can be shown upon 
paper or wood. Some organic compounds, including 
oxalic acid and its salts, also some of the alkaloids, are 
not thus blackened. 

For the reactions of the salts a i-per-cent. solution of 
any sulphate may be used. 

178. Barium chlorid gives, in solutions of the free acid 
or its salts, a white, heavy, finely divided precipitate of 
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barium sulphate, BaSO^, which is insoluble in acids and 
alkalies. 

179. Lead acetate precipitates from solutions of sul- 
phuric acid or sulphates heavy, white, finely divided, lead 
sulphate, PbS0 4 . It is somewhat soluble in acids and, 
after washing, blackens when brought in contact with 
ammonium sulphid. It is not so sensitive a test as the 
preceding. 

Sulphurous Acid, H,SO s , and Sulphites. 

Sulphurous acid is produced when sulphurous oxid is 
dissolved in water. It is a colorless liquid with the odor 
of burning sulphur. It has an acid reaction and bleaches 
unstable coloring matters like those of the flowers. By 
exposure to the air it is oxidized readily to sulphuric acid. 
Its salts undergo the same chemical change. Both are 
consequently used as reducing agents. Only sulphites of 
the alkalies are soluble in water. 

For the reactions use sodium sulphite. 

180. Sulphites are decomposed by sulphuric acid with the 
evolution of S0 2 , a heavy colorless gas which smells like 
burning sulphur. If a large test-tube is allowed to fill 
with it, after adding a little acid to a crystal of the sulphite, 
and the gas is then poured into another tube containing dilute 
potassium permanganate solution the latter is decolorized. 

181. Barium chlorid gives with a neutral solution of a 
sulphite a white precipitate of barium sulphite, BaS0 3 , 
which dissolves in hydrochloric or nitric acids. 

182. Silver nitrate precipitates from solutions of sul- 
phites white silver sulphite, AgSO s , which upon warming 
turns black with a formation of metallic silver and sul- 
phuric acid. 

Ag 2 S0 3 + H 2 = Ag 2 + H 2 SO r 

183. Oxidizing agents like nitric acid, brominor chlorin 

water, and many others convert sulphites into sulphates 
10 



106 INTRODUCTION TO CHEMICAL ANALYSIS. 

which then give with barium chlorid a precipitate that is 
insoluble in acids. 

184. Sulphurous acid or sulphites evolve hydrogen sul- 
phid when warmed with dilute sulphuric acid and zinc. 
This gas turns lead acetate paper brown or black and can 
be identified by its odor likewise. 

Carbonic Acid, H,CO s , and Carbonates. 

Carbon dioxid (carbonic anhydrid) when dissolved in 
water forms carbonic acid, H 2 CO a , which reddens litmus 
paper. It exists only in salts and in solution, which latter 
is readily decomposed by heating, the carbon dioxid being 
expelled. Of the carbonates only those of the alkalies 
are very soluble in water and these when dissolved have a 
strong alkaline reaction. 

For the reactions sodium carbonate may be used. 

185. Carbonates are decomposed by almost all free 
acids, usually without heating, although this is sometimes 
necessary. The gas which escapes with effervescence is 
carbon dioxid. It can be identified by its rendering lime- 
water milky. It is a colorless, odorless gas, so much 
heavier than air that it can be poured from the test-tube 
where it is evolved into another containing two or three cc. 
of lime-water. If the tube is now shaken so as to mix the 
two, the liquid is turned white — a characteristic reaction. 
It may also be shown by holding a drop of the lime-water 
down in the tube of gas on the end of a glass rod, being 
careful not to let the drop run off by touching the side of 
the tube. The precipitate dissolves in HC1. 

186. The acid carbonates or bicarbonates, like NaHCO a , 
are less stable than the normal carbonates, like Na 2 CO a or 
CaCO s , and are decomposed when heated in water before 
this reaches its boiling point, half the carbon dioxid es- 
caping. The normal carbonates are not thus decomposed. 
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Soluble normal carbonates will turn j r ellow turmeric paper 
reddish-brown, while the acid carbonates do not, if they 
contain none of the normal compound, although this is very 
commonly present. 

187. Barium chlorid, with carbonates soluble in water, 
gives a white precipitate of barium carbonate, BaC0 3 . In 
very dilute solutions it appears only after heating to boil- 
ing. It is soluble in most acids except sulphuric. No 
precipitate is produced in barium chlorid with the free car- 
bonic acid. 

Oxalic Acid, H,C,0 4 , and Oxalates. 

The acid is a white solid, readily soluble in water and 
crystallizing from its solution with two molecules of water 
of crystallization. It has an intensely sour taste and is 
strongly acid to litmus. 

188. Pure oxalic acid volatilizes without leaving a residue 
when heated on a platinum foil, giving irritating fumes. 
Oxalates of the non-volatile bases treated in the same man- 
ner are partly vaporized but leave a residue behind, the 
carbonate of the base. 

For reactions of the oxalates ammonium oxalate may be 
employed. 

189. When heated nearly to boiling with concentrated 
sulphuric acid the solid oxalic acid or an oxalate is decom- 
posed, yielding carbon dioxid, carbon monoxid and water. 
The former can be identified by the turbidity which it pro- 
duces in lime-water and the latter by the bright blue flame 
when it is ignited. Oxalic acid is not blackened by strong 
sulphuric acid. 

190. Barium chlorid precipitates from neutral solutions 
of the oxalates white, pulverulent, barium oxalate, BaC 2 4 . 
It is insoluble in acetic acid. It dissolves in hydrochloric 
acid and is reprecipitated from this by ammonia. Calcium 
salts give a similar result, even in very dilute solutions. 
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191. Potassium permanganate solution is quickly de- 
colorized when warmed with oxalic acid or one of its salts, 
after acidifying with sulphuric acid. This is because of 
the strong reducing power of the acid. For the same 
reason an acidified solution of potassium dichromate is 
likewise reduced by it to a green chromic salt. 

Chromic Acid, H 2 Cr0 4 , and Chromates. 

Chromic anhydrid, CrO s , when dissolved in water forms 
chromic acid, which only exists in solution. The acid and 
the chromates are all colored red or yellow. The normal 
chromates like K 2 Cr0 4 which contain two univalent metallic 
atoms to each acid radical, are yellow, but upon acidifying 
they become reddish by the abstraction of a part of the base 
and the formation of bichromates, also called dichromates, 
like K 2 Cr 2 O r Chromic anhydrid and chromates act as oxi- 
dizing agents, being at the same time changed to chromic 
salts, if free mineral acids are present. 

For the reactions use a 2-per-cent. solution of potassium 
dichromate. 

192. Barium chlorid precipitates from solutions of chro- 
mates yellow barium chromate, BaCr0 4 , insoluble in acetic 
but soluble in hydrochloric acid. 

193. Lead acetate precipitates lemon-yellow lead chro- 
mate, PbCr0 4 , soluble with difficulty in nitric acid, readily 
soluble in sodium hydrate. 

194. Hydrogen sulphid slowly changes an acidified solu- 
tion of a chromate to brown, then green, chromic salt, 
without precipitation. 

195. Ammonium sulphid on warming precipitates from 
a solution of a chromate bluish-green chromic hydrate, 
Cr(OH) s . 

196. Concentrated hydrochloric acid evolves chlorin 
when warmed with a chromate, the chlorid of the metal 
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being produced at the same time. The color of the solu- 
tion is changed from yellow to green. 

197. Alcohol or oxalic acid is oxidi7,ed by a solution 
of potassium dichromate acidified strongly with sulphuric 
acid, the color of the dichromate being changed to green. 

Boric Acid (Boracic Acid), H s B0 4> and Borates. 

The free acid is a white, crystalline solid, soluble in 
water. It reddens litmus paper and turns to a reddish- 
brown paper which has been colored yellow by a solution 
of turmeric. It is somewhat volatile with boiling water or 
alcohol and when the latter is ignited it imparts a green 
border to the flame. The borates of metals except those 
of the alkalies are insoluble in water but soluble in most 
acids. 

For the reactions a 2-per-cent. solution of borax may be 
used. 

198. Barium chlorid precipitates, except in dilute solu- 
tions, white barium borate. 

199. A few grains of the solid moistened with a few 
drops of concentrated sulphuric acid in a porcelain dish 
will give a green-bordered flame when mixed with 2-3 cc. 
of alcohol and the latter is set on fire. The free acid does 
the same without the addition of sulphuric acid (compare 
with 82). 

200. Slightly acidify the solution of a borate with hydro- 
chloric acid, dip into this a piece of turmeric paper and dry 
the latter at a gentle heat. It is turned reddish-brown. 
Moistening this with an alkali turns it bluish or greenish- 
black. 

201. From a hot, concentrated solution of a borate hydro- 
chloric acid precipitates free boric acid which separates in 
white crystalline scales. 
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Orthophosphoric Acid, H 8 P0 4 , and Orthophosphates. 

This is the most common acid of phosphorus and is the 
one which is meant when phosphoric acid is spoken of 
without any distinguishing prefix. Although it can be ob- 
tained in the crystalline form it is very deliquescent, so that 
it usually appears as a liquid, thick and syrupy when con- 
centrated. It has a strong acid reaction and taste. 

For testing use a 2 per-cent. solution of sodium phos- 
phate, Na 2 HP0 4 . 

202. Barium chlorid precipitates from solutions of phos- 
phates white barium phosphate, BaHP0 4 , soluble in hy- 
drochloric acid. It does not produce this with solutions of 
the free acid. 

203. Magnesia mixture (the clear solution produced by 
adding to magnesium sulphate ammonium chlorid, then 
making it alkaline with ammonium hydrate) precipitates 
from solutions of phosphates white ammonium magnesium 
phosphate, NH 4 MgP0 4 . Under the microscope it is seen 
to be in the form of snowflake-shaped crystals. The com- 
pound is soluble in acids. In dilute solutions the precipi- 
tation is slow and is favored by shaking or stirring. 

204. If 0.5 cc. of a solution of phosphoric acid or its salts 
is added to 5 cc. of ammonium molybdate in nitric acid 
and the mixture slightly w r armed a yellow precipitate of 
ammonium phosphomolybdate (NH 4 ) 3 PO 4 (MoO 3 ) 10 , 2H 2 
forms slowly. It is easily soluble in ammonium hydrate 
and its formation is hindered by the presence of chlorids 
and of some organic compounds. 

205. From solutions of phosphates, containing no free 
acid, ferric chlorid precipitates yellowish-white, gelatinous 
ferric phosphate. If a little mineral acid is present it can 
be removed by the addition of a few crystals of sodium 
acetate. An excess of ferric chlorid should then be avoided 
as it produces reddish ferric acetate. 
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206. A solution of egg-albumin is not precipitated by 
orthophosphoric acid nor by solutions of orthophosphates 
acidified with acetic acid. 

Metaphosphoric Acid, HPO s , and Metaphosphates. 

The free acid is a transparent, ice-like solid, readily sol- 
uble in water. Boiling in water changes it into orthophos- 
phoric acid. The solution when mixed with zinc oxid 
yields a plastic mass which hardens on standing. 

A 2-per-cent. solution of sodium metaphosphate can be 
used for testing. 

207. Barium chlorid precipitates from neutral solutions 
barium metaphosphate, Ba(P0 3 ) 2 , soluble in hydrochloric 
acid. 

208. Magnesia mixture (203) with the metaphosphates, 
gives no precipitate that is insoluble in ammonium chlorid. 

209. Ammonium molybdate also fails to form a precipi- 
tate. 

% 2io. Free metaphosphoric acid, or solutions of meta- 
phosphates when acidified with acetic acid, will precipitate 
a solution of egg-albumin. (Difference from orthophos- 
phoric acid.) 

Hypophosphorous Acid, HPH s O„ and Hypophosphites. 

The hypophosphites are nearly all soluble in water. By 
heating the dry salts they are decomposed into phosphates 
and hydrogen phosphid, PH 3 , a combustible gas which be- 
fore burning has the odor of decaying fish. 

2NaPH 2 2 = H 3 P + Na 2 HP0 4 . 

Oxidizing agents convert them into phosphates. 

Use for the reactions a 2-per-cent. solution of NaPH 2 2 . 

211. Silver nitrate precipitates, first, white silver hypo- 
phosphite, AgPH 2 2 , from which black metallic silver soon 
separates, the latter change being hastened by warming. 
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2NaPH 2 2 + 2 AgNO s = Ag 2 + 2NaH 2 P0 4 + N 2 2 . 

212. Mercuric chlorid slowly forms white insoluble mer- 
curous chlorid, HgCl, more rapidly on heating. 

NaPH 2 2 + 4 HgCl 2 + 2H 2 = 4 HgCl + NaH 2 P0 4 

+ 4 HC1. 

Long heating changes the color of the chlorid to gray from 
the separation of metallic mercury. 

213. Hypophosphites readily decolorize a solution of 
KMn0 4 . 

214. Barium chlorid or lead acetate gives no precipitate. 

215. When warmed with concentrated sulphuric acid the 
hypophosphites cause an evolution of sulphurous oxid. 

Thiosulphuric Acid, H 3 S 2 8 , and Thiosulphates 

( « « Hyposulphites " ) . 

The acid does not exist free. Its salts are mostly solu- 
ble and act as reducing agents. 

Sodium thiosulphate can be used for the reactions. 

216. Silver nitrate produces a white precipitate of silver 
thiosulphate, Ag 2 S 2 3 . It dissolves in an excess of the 
thiosulphate and is therefore not readily precipitated from 
concentrated solutions of the latter salt. When heated it 
turns black, silver sulphid being precipitated. 

217. Barium chlorid precipitates white barium thiosul- 
phate, BaS 2 3 , which is somewhat soluble in water. 

218. Solutions of thiosulphates are decomposed by the 
mineral acids with an evolution of sulphurous oxid, sulphur 
being at the same time precipitated. 

219. An acidified solution of potassium permanganate is 
immediately decolorized by a thiosulphate. 

Hydrosulphuric Acid (Hydrogen Sulphid), H 2 S, and Sulphids. 

Hydrosulphuric acid is a colorless gas with the odor of 
decaying eggs. It dissolves in about one-third of its 
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volume of water at ordinary temperatures and this solution 
reddens litmus paper. By the addition of alkaline hydrates 
to this sulphids are formed. 

2NH 4 OH + H 2 S = (NH 4 ) 2 S + 2H 2 0. 

Of its salts only those of the alkalies and alkaline earths 
are soluble in water. These, together with the sulphids of 
iron, manganese and zinc evolve hydrogen sulphid when 
treated with sulphuric acid. The sulphids of some of the 
heavy metals like copper, mercury and lead give sulphur- 
ous oxid instead. Solutions of the sulphids dissolve sulphur 
with the formation of the polysulphids — 

(NH 4 ) 2 S + S = (NH 4 ) 2 S 2 , etc. 

For the reactions a i-per-cent. solution of Na 2 S can be 
used. 

220. Lead acetate or silver nitrate with the free acid or 
solutions of soluble sulphids form black precipitates of lead 
sulphid, PbS, or silver sulphid, Ag 2 S. 

221. Soluble sulphids when acidified with hydrochloric 
or sulphuric acid give hydrogen sulphid, identified by its 
odor or by its turning brown or black a paper previously 
dipped in a solution of lead acetate. 

222. Polysulphids give the same when acidified, and 
also precipitate sulphur, very fine and nearly white. 

223. Mercuric sulphid, lead sulphid, and some of the 
other insoluble sulphids yield no hydrogen sulphid when 
warmed with hydrochloric acid, but do so if at the same 
time a fragment of zinc is present. 

Hydroferrocyanlc Acid, H 4 Fe(CN) 6 , and Ferrocyanids. 

Use for the reaction a i-per-cent. solution of K 4 Fe(CN) 6 . 

224. Ferric chlorid forms a deep-blue precipitate of fer- 
ric ferrocyanid (62). 

225. Copper sulphate produces a reddish-brown precipi- 
tate of copper ferrocyanid (80). 
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226. Ferrocyanids heated with concentrated sulphuric 
acid liberate carbon monoxid ; with dilute sulphuric acid 
hydrocyanic acid, HCN, is set free. (Danger !) 

Hydroferricyanic Acid, H 8 Fe(CN) 6 , and Ferricyanids. 

Use a i-per-cent. solution of K 3 Fe(CN) 6 for the reactions. 

227. Ferric chlorid with soluble ferricyanids gives no 
precipitate but turns the liquid brown (63). 

228. Ferrous salts produce a deep-blue precipitate with 
solutions of ferricyanids ($5)* 

Sulphocyanic Acid, HSCN, and Sulphocyanates. 

A i-per-cent. solution of KSCN may be used for testing. 

229. Ferric chlorid forms a deep-red liquid, but no pre- 
cipitate, with sulphocyanates (64). The color disappears 
upon the addition of mercuric chlorid. 

Hypochlorous Acid, HCIO, and Hypochlorites. 

A solution of NaCIO may be used for the reactions. 

230. Acidifying hypochlorites with hydrochloric acid 
sets chlorin free. This can be recognized, if sufficient is 
present, by its color, odor and bleaching moist litmus paper. 

231. Soluble hypochlorites bleach indigo solution, — 
more rapidly after acidifying. 

232. Hypochlorites do not bleach acid solutions of po- 
tassium permanganate. 

233. Lead acetate forms, first, a white precipitate which 
gradually becomes reddish, then brown from the formation 
of the dioxid, PbO z . 

pNaCIO + Pb(C 2 H 3 2 ) 2 = Pb0 2 + 9 NaCl + 4C0 2 + 3 H 2 G. 

Nitrous Acid, HNO„ and Nitrites. 

NaN0 2 can be used for the reactions. 

234. By acidifying solutions of nitrites, nitrous acid is 
set free. It is extremely unstable and is not used in the 
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free state. From the solid salts or strong solutions a brown 
mixture of the oxids of nitrogen appears when acid is 
added. 

2NaN0 2 + H 2 S0 4 = Na 2 S0 4 + H a O + NO + N0 2 . 

235. The free acid or acidified solutions of its salts de- 
colorize indigo solution upon heating. 

236. Nitrites when acidified will decolorize potassium 
permanganate. 

237. From a few drops of potassium iodid solution acid- 
ified with hydrochloric acid, nitrites set iodin free. Starch 
solution then gives a blue color with the iodin. 

2NaN0 2 + 2KI + 4HCI = 2KCI + 2NaCl + N 2 2 

+ 2H 2 + I 2 . 

Ferric salts and a few other compounds, notably iodic 
acid, also decompose potassium iodid. 

Other reactions for minute amounts of nitrites are given 
under Water Analysis. 

Hydrochloric Acid, HC1, and Chlorids. 

Hydrochloric acid is a colorless gas with a suffocating 
odor and very soluble in water, in which form it is com- 
monly used. Most of its salts are also soluble in water. 

238. Addition of concentrated sulphuric acid to the dry 

salts produces an evolution of hydrochloric acid gas. This 

has a strong odor and acid reaction. If manganese dioxid 

is also present chlorin is set free, recognizable by its color 

and odor. 

2NaCl + H 2 S0 4 = Na 2 S0 4 + 2HCI. 

4HCI + Mn0 2 = MnCl 2 + 2H 2 + Cl 2 . 

A i-per-cent. solution of NaCl will give the other reac- 
tions. 

239. Silver nitrate precipitates white, curdy silver chlorid, 
AgCl, which, in very dilute solutions, remains for a long 
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time in suspension. It is insoluble in nitric acid but easily 
dissolves in ammonium hydrate and can be reprecipitated 
from this solution by nitric acid. By exposure to sunlight 
the white compound turns violet, then nearly black. 

240. Lead acetate forms a white precipitate of lead 
chlorid, PbCl 2 , which dissolves in boiling water and, when 
this cools, separates again as white prismatic crystals. 

Hydrobromic Acid, HBr, and Bromids. 

The free acid is similar to hydrochloric in physical as 
well as chemical properties. For the reactions use potas- 
sium bromid. 

241. From a crystal of a dry bromid concentrated sul- 
phuric acid liberates bromin upon warming. This is seen 
as a reddish-yellow gas, most plainly by looking down into 
the test-tube. The addition of a little manganese dioxid 
increases the evolution of the gas. Nitric acid also sets 
free bromin from most bromids when it is heated, if in a 
solution coloring the liquid yellow. 

242. Silver nitrate precipitates from solutions of bromids, 
even when dilute, yellowish-white, curdy silver bromid, 
AgBr. It does not dissolve in nitric acid and is soluble 
with some difficulty in ammonium hydrate. 

Hydriodic Acid, HI, and Iodids. 

The acid resembles, physically and chemically, hydro- 
chloric and hydrobromic acids. 

243. A small crystal of the dry salt is decomposed by 
heating with concentrated sulphuric acid, iodin being 
evolved and volatilized as a deep purple vapor. Yellow 
nitric acid produces the same effect as sulphuric when boiled 
with the salt even in comparatively dilute solutions. A very 
3light amount of this vapor turns to a deep bluish-black a 
paper moistened or sized with starch solution. 
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A i-per-cent. solution of potassium iodid may be used 
for the wet reactions. 

244. From a solution of an iodid, bromin water or chlo- 
rin water sets free iodin which gives a dark blue color to a 
solution of starch. An excess of the chlorin water destroys 
the color. Iodids alone do not color the starch. 

245. Silver nitrate precipitates from solutions of iodids 
yellowish silver iodid, Agl, insoluble in nitric acid and 
nearly insoluble in ammonium hydrate. 

Hydrocyanic Acid, HCN, and Cyanids. 

The free acid is a colorless liquid, very volatile, with the 
odor of bitter almonds, and extremely poisonous. The gas 
burns with a violet flame. The cyanids of the alkalies and 
alkaline earths are soluble in water. Weak acids, includ- 
ing carbonic, liberate the acid from these but not from all 
cyanids. The insoluble cyanids of the heavy metals form 
soluble cyanids with those of the alkalies, consequently 
potassium cyanid dissolves most of the former class. 

Use for the reactions a i-per-cent. solution of KCN. 

246. Silver nitrate forms a white precipitate of silver 
cyanid, AgCN, which is insoluble in nitric acid and but 
slightly so in ammonium hydrate but is soluble in KCN. 

247. A few drops of ferrous sulphate in a solution of a 
cyanid is converted by warming, after making alkaline 
with sodium hydrate, into the ferrocyanid. 

6KCN + FeSO, = K 4 Fe(CN) 6 + K 2 S0 4 . 

Upon acidifying with hydrochloric acid and adding a 
few drops of ferric chlorid (the latter is unnecessary if the 
ferrous sulphate contained any ferric salt) a deep blue color 
appears (62). 

248. Acidification of solutions of cyanids evolves the 
free acid, recognizable from its odor. From its poisonous 
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nature it is dangerous to inhale. Concentrated sulphuric 
acid decomposes the insoluble cyanids in the same 
manner. 

Nitric Acid, HN0 8 , and Nitrates. 

Almost all nitrates are soluble in water and all are de- 
composed with the evolution of oxygen when heated to a 
red heat. 

249. The free acid is a colorless liquid, very strongly 
corrosive. It colors proteid compounds, like horn, 
feathers, quill toothpicks, etc.,. a bright yellow. 

KNO3 can be use d f° r the reactions. 

250. At high temperatures nitrates give up their oxygen 
to oxidizable substances like charcoal, causing deflagration. 
A few crystals dropped on a piece of red-hot charcoal will 
illustrate this. 

251. In a narrow test-tube place 3-4 cc. of a solution 
of a nitrate, then holding it in a slanting position slowly 
pour in as much concentrated sulphuric acid. The two 
liquids do not mix. If much heat is generated cool it by 
holding the tube in running water ; then add a few drops 
of a strong solution of ferrous sulphate. A brownish- 
purple ring forms at the junction of the liquids. With 
minute amounts of the acid this appears only slowly. 

252. Nitric acid heated with metallic copper (or nitrates 
with this and in addition a few drops of concentrated sul- 
phuric acid) liberates nitric oxid which produces a brown- 
ish gas in the upper part of the test-tube. 

253. Nitric acid or a solution of a nitrate acidified with 
hydrochloric acid will decolorize indigo on warming. It 
should, however, be remembered that chlorin and some 
other oxidizing agent will do the same. 

Other more sensitive tests for minute amounts of nitric 
acid are given under the subject of water analysis. 
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Chloric Acid, HC10„ and Chlorates. 

The free acid is not used. Its salts are strong oxidizing 
agents yielding oxygen more easily than the nitrates. 
They deflagrate on red-hot charcoal. 

Use KCIO3 for the reactions. 

254. Chlorates give no precipitate with silver nitrate, but 
when heated on platinum foil they lose all their oxygen, 
becoming converted to chlorids which then react with the 
above reagent (239). 

255. Concentrated sulphuric acid warmed with a frag- 
ment of a dry chlorate liberates chlorin tetroxid, C1 2 4 , a 
greenish-yellow explosive gas. It is dangerous to use 
large amounts of substance or to heat rapidly. 

256. Hydrochloric acid will evolve chlorin when warmed 

with a chlorate, as is proven by the characteristic color 

and odor. 

KCIO3 + 6HC1 = KC1 + 3H 2 + 6C1. 

Some oxids of chlorin may also be formed. The liquid 
destroys the blue color of an indigo solution. 

Acetic Acid, CH s CO a H, and Acetates. 

The free acid is a colorless liquid with a sharp odor and 
sour taste. It is easily volatile and its vapor is combustible. 
Most of its salts are decomposed by heating to a red heat, 
the residue being black. But few acetates are insoluble. 

A 2-per-cent. solution of CH 3 C0 2 Na may be used for the 
reactions. 

257. A dry acetate heated with dilute sulphuric acid, or 
a solution of an acetate heated with concentrated acid 
evolves acetic acid which distils with the characteristic odor. 

258. If in the above test a cubic centimeter of alcohol is 
added before heating, acetic ether (ethyl acetate) is pro- 
duced and this can be identified by its agreeable, fruity 
odor. 
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259. Ferric chlorid imparts a deep red color to solutions 
of neutral acetates or to acetic acid when the mixture is 
nearly neutralized by ammonium hydrate. Boiling this 
precipitates the iron. Acidifying with hydrochloric acid 
turns it yellow (64). 

Tartaric Acid, C 2 H 4 2 (C0 2 H) 8l and Tartrates. 

Tartaric acid is a white crystalline solid, with an acid 
taste, easily soluble in water. 

Tartrates prevent the precipitation by the alkaline hy- 
drates of copper, iron and some other bases ordinarily 
precipitated thus. 

C 2 H 4 2 (C0 2 ) 2 KNa may be used for the reactions. 

260. Dry tartaric acid or the tartrates are charred when 
warmed with concentrated sulphuric acid. Doth it and its 
salts are decomposed when highly heated dry, the residue 
being black and the decomposition attended by an odor 
similar to that of burnt sugar. 

261. Barium chlorid precipitates from solutions of tar- 
trates white barium tartrate, BaC 4 H 4 6 , soluble in ammo- 
nium salts or hydrochloric acid. 

262. From solutions of tartrates silver nitrate precipitates 
white silver tartrate, Ag 2 C 4 H 4 6 . If this is boiled black 
metallic silver separates. By dropping into the white pre- 
cipitate before boiling enough ammonium hydrate to dis- 
solve it, then slowly warming it in a test-tube that has been 
thoroughly cleaned with sodium hydrate and water, the 
silver deposits as a mirror on the tube The heating may 
be accomplished by setting the tube in a beaker of hot 

water. 

Citric Acid, C s H 6 0(C0 2 H) s , and Citrates. 

The free acid is a crystalline, colorless solid containing 
one molecule of water of crystallization. It is efflorescent, 
readily soluble in water and has an acid taste. When 
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heated it melts, and afterwards decomposes with blacken- 
ing and the production of an odor, which, however, is dif- 
ferent from that of tartaric acid. In the presence of cit- 
rates the alkaline hydrates fail to precipitate iron and many 
of the other bases. 

K 3 C 6 H 5 7 may be used for the reactions. 

263. Citric acid and its salts are decomposed by hot 
concentrated sulphuric acid with carbonization. 

264. Barium chlorid forms a white precipitate of barium 
citrate, Ba 3 (C 6 H 5 7 ) 2 , in strong solutions. In dilute solu- 
tions it may not appear until after heating. 

265. Silver nitrate precipitates white silver citrate, 
Ag 3 C 6 H 5 7 , but this does not reduce to the metallic silver 
when it is warmed. 

The Identification of the Acids when Only One is Present. 

As a preliminary test warm a piece of the powdered dry 
substance as large as a pea in a test-tube with two cc. of 
concentrated sulphuric acid. Avoid heating to the boiling 
point of the sulphuric acid. Notice whether there is an 
evolution of gas as shown by the formation of bubbles in 
the hot liquid. 

A. A Colorless Gas is Evolved. 

Chlorids give HC1 (odor). 

Cyanids give HCN (odor). (Danger !) 

Carbonates give C0 2 . 

Nitrates give HNO s (odor). 

Sulphites give S0 2 (odor). 

Hypophosphites give S0 2 (odor). 

Sulphids give H 2 S (odor), although some sulphids of the 
heavy metals evolve S0 2 from hot sulphuric acid. 

Ferrocyanids, ferricyanids and sulphocyanates give a 

mixture of gases, sometimes HCN. (Danger !) 

Thiosulphates give S0 2 (odor), 
11 
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Acetates give acetic acid (odor). 

Oxalates give CO and C0 2 . 

Some salts of Organic acids liberate colorless gases. 

8. A Colored Gas is Evolved. 

Iodids give HI and iodin (violet). 

Bromids give HBr and bromin (reddish-brown). 

Nitrates give HNO a with oxids of nitrogen (brown or 
yellowish-brown). 

Nitrites give oxids of nitrogen (yellowish-brown). 

Chlorates give greenish-yellow oxids of chlorin (explo- 
sive). 

Hypochlorites give chlorin (suffocating odor). 

C. No Gas is Evolved and No Blackening is Seen. 

Sulphates. 

Phosphates. 

Borates. 

Chromates. 

Arsenates. 

Arsenites. 

D. Many salts of organic acids as well as some organic 
compounds which are not salts are blackened by the strong 
sulphuric acid and in some cases colorless gases are set 
free. 

If the preliminary test with sulphuric acid indicates the 
acid present confirm it by the identification of its group, 
then by the reactions given under the acid. 

In case the preliminary test does not give definite results 
dissolve the substance in water if possible, if not, in a very 
small amount of nitric acid. Determine the class to which 
the acid belongs, using separate portions of the solution 
for each test. To identify the acid after this has been done 
compare its reactions with those of all the acids of the class. 
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Although it is possible to group the acids in accordance 
with their similarities, the groups cannot be separated from 
each other and be afterwards resolved into their compo- 
nents as easily as can the metals. Such an analysis is 
often accompanied with many difficulties. The following 
classification will aid in the identification of the acid radical 
of salts when only one is present or, if several, provided 
they are not of the same group. 

GROUP I. 

Precipitated by BaClg 1 in solution acidified by HNO s . 
Sulphuric acid, H 2 S0 4 ; (sulphates). 

GROUP II. 

Carefully neutralize the solution with NH 4 OH if it is 
acid. If the base is precipitated filter it out 2 and test the 
filtrate for the acid with BaClg. 1 The acids of this group 
give a white or colored precipitate, soluble in HC1 or 
HNO3. They are of two classes : 

Class 1. — The solid substance evolves a gas with hot 
concentrated H 2 S0 4 . 

Carbonic acid, H 2 CO a ; (carbonates). 3 

Sulphurous acid, H 2 S0 3 ; (sulphites). 3 

Oxalic acid, H 2 C 2 4 ; (oxalates). 

Citric acid, C 6 H 8 7 ; (citrates). 

1 If the base is one which will be precipitated by a chlorid (lead, silver 
or mercurous) Ba(N0 3 ) 2 must be used instead of BaCl 2 . 

2 Salts of acids in group II., except where the base is an alkali metal, 
are mostly insoluble in neutral or alkaline liquids. Both base and acid 
will therefore be precipitated when the solution is neutralized. 

3 Carbonates and sulphites wl ich are insoluble in water cannot be dis- 
solved in acid and the solution is tested with a barium solution. Why ? 
(180. 185.) 
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Class 2. — The solid does not evolve a gas with sulphuric 
acid. 

Chromic acid, H 2 Cr0 4 ; (chromates). 
Phosphoric acid, H 3 P0 4 ; (phosphates). 
Arsenic acid, H 3 As0 4 ; (arsenates). 
Boric acid, H 2 BO s ; (borates). 

GROUP III. 

The acids of this group give precipitates with AgNO a in 
the presence of HN0 3 . It contains four classes. 

Class i. — The precipitate with AgNO a turns black at 
once or on warming. Much HN0 3 prevents this. 

Thiosulphuric acid, H 2 S 2 3 ; (thiosulphates, sometimes 
called " hyposulphites"). 1 

Hydrosulphuric acid, H 2 S ; (sulphids, including poly- 
sulphids). 

Hypophosphorous acid, HPH 2 2 ; (hypophosphites). 

Class 2. — These acids give a red or blue color with fer- 
rous or ferric salts. 

Sulphocyanic acid, HSCN; (sulphocyanates or " sul- 
phocyanids "). 

Hydroferrocyanic acid, H 4 Fe(CN) 6 ; (ferrocyanids). 

Hydroferricyanic acid, H 3 Fe(CN) 6 ; (ferricyanids). 

Class j. — These acids bleach indigo solution at once or 
on warming. 

Hypochlorous acid, HCIO ; (hypochlorites). 

Nitrous acid, HNO ; (nitrites). 

Class 4. — Belong to none of the first three classes. 

Hydrochloric acid, HC1 ; (chlorids). 

Hydrobromic acid, HBr ; (bromids). 

Hydriodic acid, HI ; (iodids). 

Hydrocyanic acid, HCN ; (cyanids). 

1 Since silver thiosulphate is soluble in an excess of thiosulphates it 
may not appear if too strong a solution of the thiosulphate is used. 
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GROUP IV. 

Give no precipitates with barium salts or with silver 
nitrate in the presence of nitric acid. 
Nitric acid, NH0 3 ; (nitrates). 
Chloric acid, HC10 3 ; (chlorates). 
Acetic acid, CH 3 C0 2 H ; (acetates). 
Tartaric acid, C^H.O^CO^ ; (tartrates). 

Practical Exercises on the Acids and Their Salts. 

Determine the composition of the unknown salts fur- 
nished by the instructors looking up their physical and 
chemical properties, their manufacture, their uses, etc. If 
a negative result is obtained in the examination for a base 
the substance may be an uncombined acid. If the exami- 
nation fails to show any acid it may be an oxid or a 
hydrate. The hydrates of the alkalies and alkaline earths 
form alkaline solutions in water ; the others are insoluble. 
All but the hydrates of the alkalies are decomposed to 
water and an oxid when heated in a dry tube. The oxids 
do not yield water on heating. All are insoluble in water 
except those of the alkalies and alkaline earths which dis- 
solve as hydrates. The peroxids and a few others, as 
those of mercury, give off oxygen when heated. 

Questions for Further Study on the Reactions 

of the Acids. 

Where is any practical use made of the affinity of strong 
sulphuric acid for water? In diluting the acid which is the 
safer, to add the acid to the water or to add the water to 
the acid? Will the strong acid char such an organic com- 
pound as alcohol by removing the elements of water? 
What gas is evolved when a metal dissolves in sulphuric 
acid? Does it make any difference whether the acid is 
concentrated or dilute ? Is it a compound of sulphuric acid 
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which is precipitated from the aromatic acid when it is 
diluted with water? The salts of what metals are precipi- 
tated by sulphates? Why is sulphuric acid selected for 
making the preliminary test? Why is it not in all cases 
the weaker acid which is thus liberated? 

Why do the sulphites so often contain sulphates? What 
effect do sulphites have on solutions of salts of which there 
are two classes, the ous and ic, like the mercurous and 
mercuric, ferrous and ferric, arsenous and arsenic? Will 
other acids than sulphuric set free the sulphurous acid from 
its salts? What is the chemical action of sulphurous acid 
upon potassium permanganate or the chromates? What 
is the chemical action by which hydrogen sulphid can be 
produced from sulphurous acid and its salts, and what is 
the active agent? 

With solutions of what metals are soluble carbonates 
incompatible because of the precipitation of the former? 
Are carbonates ever decomposed by salts which have an 
acid reaction or only by free acids? What compound is 
formed when carbon dioxid acts upon lime-water? What 
would be the effect of a large excess of the gas ? How 
are the bicarbonates produced and why are they so called ? 
What application is made of the easy decomposition of the 
bicarbonates? 

What is the physiological action of oxalic acid or the 
soluble oxalates? Are many of the other organic acids 
volatilized by heat without discoloration? What is meant 
by " reducing power"? 

What would be the objection to triturating a dichromate 
with tannic acid or sugar? Why does a solution of a 
dichromate turn from red to yellow when it is made alka- 
line? For what is chromic anhydrid used? What is the 
difference between a salt of chromic acid and a chromium 
salt? 
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How are the two phosphoric acids made? Will soluble 
phosphates be incompatible with the salts of other metals 
besides iron, magnesium and calcium? The phosphates 
of which metals are soluble in water? Will acids and al- 
kalies increase or decrease the solubility of phosphates? 
What is the commercial name of metaphosphoric acid? 
Which phosphoric acid is official in the U. S. P.? How 
much of the hydrogen of orthophosphoric acid can be re- 
placed by metals to form salts? How much in hypophos- 
phorous acid ? How do salts of phosphoric acid formed by 
replacing varying amounts of hydrogen differ from each 
other? What use is made of the zinc compounds of meta- 
phosphoric acid? What property of the hypophosphites 
accounts for their decolorizing a permanganate solution? 
What is the chemical change which occurs when hypo- 
chlorites decolorize indigo solution? What is the change 
in nitrites when they decolorize a permanganate solution? 
Is their chemical action always of this kind when mixed 
with other compounds? Is the chemical nature of the 
organic nitrites used medicinally the same as of the inor- 
ganic salts? Is the chemical activity of nitrites different in 
acidified solutions from that of neutral or alkaline solutions? 
With what class of substances do nitrites often form colored 
compounds? 

What metallic salts of the halogens are insoluble in cold 
water? What is the effect of strong oxidizing agents on 
hydrochloric acid? How do the compounds of chlorin, 
bromin and iodin compare with one another in stability as 
shown in their decomposition by the free halogens and by 
other agents? What is the action of their salts on the al- 
kaloids? What substances liberate iodin from iodids and 
are therefore incompatible with these? 

In what combination does hydrocyanic acid occur in 
plants and is it always poisonous in such form? In what 
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plants is it found ? How stable are solutions of the acid or 
its salts ? Are any of the salts poisonous ? What are the 
most common compounds which may be oxidized by nitric 
acid ? Does it ever cause explosions thus, or form explo- 
sive compounds ? What is its action upon alkaloids ? 
What is the origin of the yellow color frequently seen in 
nitric acid ? Are the nitrates chemically similar to the free 
acid ? How do the properties of the chlorates compare 
with those of the nitrates ? With what class of substances 
are dry chlorates incompatible and why ? 

What change is produced upon the tartrates by oxidizing 
agents and what is the effect upon the latter ? Where are 
tartrates and citrates used to prevent the precipitation of 
the bases by the alkalies ? 
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CHAPTER III. ORGANIC COMPOUNDS. 

Benzine and Petroleum Ether. 

These are mixtures of hydrocarbons of the marsh gas 
series, boiling between 55 ° and 75°. They do not crystal- 
lize by cooling to o°, and are insoluble in water. 

270. If dropped into a cooled mixture of one part con- 
centrated sulphuric acid and three parts fuming nitric acid 
there is no discoloration or odor of bitter almonds. 

271. Iodin dissolves in either to a violet solution. 

Benzene (Benzol), C 6 H 6 . 

A colorless liquid with a characteristic odor, boiling at 
about 8o°, lighter than water and almost insoluble in it. 
At zero it solidifies to a crystalline mass. 

272. Cool a mixture of concentrated sulphuric and nitric 
acids, 5 cc. of each, as with benzine (270) and slowly drop 
in 15-20 drops of benzene, keeping the liquid cool. Nitro- 
benzene, C 6 H 5 N0 2 , is formed, a yellowish oil with the bitter 
almond odor. 

273. Iodin dissolves in benzene to a blood-red solution. 

Chloroform, CHC1 8 . 

A colorless, neutral liquid with characteristic odor, hav- 
ing a specific gravity of 1.5 and a boiling point of about 
61 °. It is almost insoluble in water. 

274. A strip of filter paper moistened with chloroform 
burns with a green-edged, yellow flame. 

275. A drop of chloroform should not be rendered milky 
by a drop of silver nitrate (239). 

276. With several times its volume of alcohol and a few 
12 
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drops of sodium hydrate it is decomposed by warming into 
salts of hydrochloric and formic acid. 

CHCI3 + 4 NaOH =3NaCl +2H a O + HCO,Na. 

This solution gives a white precipitate with silver nitrate, 
after acidifying with nitric acid (239). 

277. To a solution of potassium hydrate in alcohol add 
a drop of anilin and one of chloroform and warm gently. 
Phenyl carbylamin, isonitril or isocyanid, C 6 H 6 NC, is 
formed, recognizable by its offensive odor. 1 

278* With a £ew crystals of beta-naphtol and a few 
drops of sodium hydrate chloroform gives a blue color 
when warmed slightly. When only a minute quantity is 
present the blue may be transient. 

279. In a 10 cc. dry test-tube place 5 cc. of chloroform 
and add without agitation 5 cc. of perfectly clear barium 
hydrate solution. After the corked tube has stood six 
hours in a dark place there should be no turbidity at the 
line of contact of the liquids (absence of decomposition 
products in chloroform which is otherwise pure). 

280. Sodium hydrate with a few drops of copper sulphate 
(Trommer's reagent) gives a reddish-yellow precipitate 
when warmed with a drop of chloroform. 

281. When shaken with one- fourth its volume of con- 
centrated sulphuric acid and allowed to stand, pure chloro- 
form is not colored yellow or brown. 

282. When pure chloroform has been thoroughly shaken 
with an equal volume of water the latter, after pouring 
off, does not affect litmus paper, is unchanged with silver 
nitrate and gives no color with a few drops of potassium 
iodid and starch solution (244). 

Iodoform, CHI 3 . 

Yellow crystals with a characteristic odor. It is almost 
insoluble in water but dissolves in alcohol or ether. 
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283. A drop of the alcoholic solution allowed to evaporate 
on a microscope slide leaves the iodoform in flat, hexagonal 
or star-shaped crystals, as is shown by the microscope. 

284. The dry substance when heated in a test-tube melts 
at about 115 to a brown liquid and afterwards gives off 
the violet vapors of iodin, leaving a charred mass. The 
latter is completely combustible on a platinum foil. 

285. Water which has been shaken with one-fifth its 
weight of pure iodoform and filtered is colorless, neutral, 
has no bitter taste and is unaffecteed by silver nitrate. 

Ethyl Alcohol, C 2 H,0H. 

A colorless, neutral liquid with a specific gravity of 0.79 
and a boiling point of 78 °. 

286. 1 cc. of alcohol with an equal volume of stong sul- 
phuric acid and a few crystals of sodium acetate gives, 
when heated to the boiling point, ethyl acetate, C 2 H 6 C 2 H 3 2 
(acetic ether), which distils with a pleasant fruity odor. 

287. With enough sodium hydrate to make it alkaline, 
then a solution of iodin and potassium iodid until it has a 
yellow color, followed by gentle warming, there forms, 
immediately or after short standing, a light yellow precipi- 
tate of iodoform (page 130). This reaction is a very sensi- 
tive one. It is also given by aceton, acetic aldehyd and 
some other organic compounds, but not by methyl alcohol. 

288. If enough potassium dichromate is added to color 
the alcohol light yellow, and if it is then acidified quite 
strongly with sulphuric acid it is reduced to a chromic salt 
by boiling and this colors the liquid green. This is not 
characteristic of alcohol as other reducing agents may 
produce the same effect. 

289. 10 or 12 drops of alcohol with 2 or 3 of carbon 
bisulphid and a little strong sodium hydrate produces a 
yellow sodium xanthogenate. 
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CS 2 + NaOH + C a H 6 OH - H 2 + NaSCSC 2 H 6 . 

This with an aqueous solution of ammonium molybdate 
(1 :io), after acidifying with sulphuric acid, gives a red 
color. To obtain it with dilute alcoholic solutions a few 
drops can be well mixed with one of carbon disulphid and 
a very small piece of sodium hydrate or potassium hydrate ; 
after standing in an evaporating dish at the ordinary tem- 
perature until the carbon disulphid has disappeared a drop 
of the ammonium molybdate is to be added and enough 
sulphuric acid to acidify. 

290. Pure alcohol (U. S. P.) should mix with water, 
ether and chloroform without cloudiness. It does not affect 
the color of litmus paper and leaves no residue upon evap- 
oration ; if it evaporates spontaneously froip a paper no 
foreign odor should be perceptible. With half its volume 
of potassium hydrate solution it should not at once become 
dark colored nor should silver nitrate give more than a 
faint opalescence nor more than a faint brownish tint when 
standing six hours in diffused daylight. 

Amyl Alcohol, C 6 H n OH. 

A colorless liquid with a specific gravity of 0.82, and a 
boiling point of 131 . It dissolves in alcohol but not in 
water. It has a peculiar odor, its vapor causing coughing. 

291 . In alcoholic fluids any considerable quantity of amyl 
alcohol can be detected by means of its odor by pouring 
into a large beaker, spreading it over the sides, and caus- 
ing the ethyl alcohol to evaporate quickly by swinging 
through the air. Evaporation on a water-bath also removes 
the water and ethyl alcohol and leaves the amyl alcohol. 

292. From solutions of amyl alcohol in ethyl alcohol and 
water the former can be separated by its dissolving in ether 
or chloroform when shaken gently with these. It is left 
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when the ether or chloroform are poured off and evaporated, 
and can then be identified by its characteristic reactions. 

293. If hydrochloric acid is dropped into a i-per-cent. 
solution of methyl violet until it becomes green, then amyl 
alcohol is mixed with it in a porcelain dish, there appear 
on the top of the liquid violet drops. 

294. Amyl alcohol dropped into i cc. of concentrated 
sulphuric acid gives a red color. 

Glycerin, or Glycerol (C 8 H 6 OH) s . 

A neutral, colorless, odorless, syrupy liquid of a specific 
gravity of 1.25 to 1.27, with a sweet taste. It is hygro- 
scopic and dissolves in water or alcohol. 

295. A borax bead dipped in a solution which contains 
glycerin colors the blue flame of the Bunsen burner green 

(*99)- ' 

296. Glycerin prevents the precipitation of copper, lead 

or ferric solutions by the alkaline hydrates. 

297. Five drops each of glycerin and concentrated sul- 
phuric acid gently warmed with as much resorcin as can 
be taken up on the point of a knife-blade gives first a crim- 
son, then a blood-red color. Too high heat causes char- 
ring. When diluted wilh 5 cc. of water and made alkaline 
with ammonium hydrate the yellow solution shows a green 
fluorescence. 

298. Pure glycerin will give no precipitate when tested 
by Trommer's test (280). 

299. Pure glycerin when warmed gently with an equal 
volume of concentrated sulphuric acid or sodium hydrate 
is not colored dark. 

300. An ammoniacal solution of silver nitrate is not 
changed when warmed with pure glycerin but upon the 
addition to it of sodium hydrate black metallic silver sepa- 
rates immediately. 
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Phenol (Carbolic Acid), C 6 H,0H. 

Pure phenol is a colorless, crystalline solid with a char- 
acteristic odor. It melts at about 40 and dissolves in water 
to a neutral solution. The melted phenol solidifies upon 
cooling but the addition of a little water prevents this. An 
aqueous solution may be used for testing. 

301. Neutral ferric chlorid solution, not in excess, pro- 
duces a deep violet color which is changed to a yellow with 
hydrochloric acid. 

302. Bromin water precipitates first white, then yellow 
tribromphenol, C 6 H 2 Br 3 OH, soluble in alkaline hydrates or 
hydrochloric acid. 

303. A solution of phenol in water made alkaline with a 
drop of ammonium hydrate becomes blue when warmed 
with a few drops of bromin water. 

304. Five cc. of an aqueous solution boiled with 5 or 6 
drops of concentrated nitric acid forms a brownish or yel- 
low compound, picric acid, C 6 H 2 (OHXN0 2 ) 3 , which colors 
a large amount of water. The color is intensified by mak- 
ing it alkaline with ammonium hydrate. 

305. A phenol solution with a drop of anilin, then an 
excess of a solution of calcium hypochlorite gives a deep 
blue color. (Anilin and calcium hypochlorite give a red.) 

Creosote. 

This is a colorless or yellowish liquid with a smoky odor, 
not solidifying in the cold and but slightly soluble in water. 

306. Ferric chlorid colors the aqueous solution yellowish- 
green or a blue which quickly vanishes. 

307. Bromin water gives a brownish precipitate. 

Formaldehyd (Formalin), HCHO. 

A colorless gas with a very irritating odor. It dissolves 
in water and is commonly to be obtained in the form of a 
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40-per-cent. solution. By concentrating the aqueous so- 
lution the aldehyd becomes converted into the solid para- 
formaldehyd, (HCHO) 3 . 

A i-per-cent. solution cfcn be used for the tests. 

308. Silver nitrate, to which enough ammonium hydrate 
has been added to dissolve the precipitate first formed, is 
reduced by formaldehyd to metallic silver when allowed 
to stand several hours in a dark place, the metal being de- 
posited as a mirror. If warmed this occurs immediately. 

309. Formaldehyd reduces a solution of copper sulphate 
made alkaline with sodium hydrate with the formation of 
a reddish-yellow precipitate of cuprous oxid (Trommer's 
reaction.) 

310. To a dilute fuchsin solution acidified with sulphuric 
acid add just enough sodium sulphite to decolorize it. 
Formaldehyd produces a purplish-violet color when warmed 
with this. 

311. Formaldehyd gives a yellowish precipitate when 
it is warmed with phenyl-hydrazin hydrochlorid ; this is the 
hydrazon, C 6 H 6 NHNCH 2 . 

312. A few cubic centimeters of a dilute formaldehyd 
solution with about 50 mg. of resorcin and half its volume 
of 50-per-cent. sodium hydrate, when warmed, is turned 
first yellow, then red. It is a very sensitive test. 

313. Ammonium hydrate converts a solution of formal- 
dehyd in solution into hexa-methylen-tetra-amin, which 
remains as a solid after evaporation. 

314. A solution of 40-50 per cent, of sodium hydrate 
and 5 per cent, of resorcin in water when boiled half a 
minute with an equal volume of a dilute formaldehyd solu- 
tion gives a red color. Albuminous compounds prevent 
the reaction. 

315. Fifteen cc v jpi a very dilute solution of formaldehyd 
with 1 cc. of a dilute solution of phenyl-hydrazin hydro- 
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chlorid and a few drops of a freshly prepared solution of 
sodium nitroprussid when made alkaline with sodium hy- 
drate becomes blue and, after long standing, red. Chloro- 
form gives a similar result, but only in a much stronger 
solution, where it can usually be identified by its odor. If 
to the mixture of formaldehyd and the phenyl-hydrazin 
salt ferric chlorid is added, then the liquid strongly acidified 
with concentrated hydrochloric acid a red color forms, very 
slowly changing to orange-yellow. Both these tests can 
be made on milk directly without distillation and both are 
very sensitive. 

315a. If 2~3 cc. of concentrated sulphuric acid is slowly 
added to the same volume of a formaldehyd solution so as 
to sink below it, a blue color appears between the liquids. 
The test is sensitive and can be used with milk. If no 
formaldehyd is present a brown color is produced. 

Chloral Hydrate, CC1 S CH0,H 8 0. 

Colorless crystals with a sharp odor, soluble in water or al- 
cohol to a neutral solution, melting at 57 and boiling at 98 . 

316. When warmed with alkaline sub&tances chloral 
hydrate is decomposed with the formation of chloroform. 
The latter may be detected by its odor or by the reactions 
for chloroform in the presence of an alkali (276, 277). 

317. Chloral hydrate gives no precipitate with silver 
nitrate, but if it is allowed to stand for a time with dilute 
sulphuric acid and zinc, silver nitrate being subsequently 
added, silver chlorid is precipitated. 

318. From an ammoniacal solution of silver nitrate chlo- 
ral hydrate precipitates dark-brown metallic silver, slowly 
at the ordinary temperature, more rapidly on warming. 

319. A chloral hydrate solution with as much resorcin 
as can be held on the point of a pen-knife and five drops 
of sodium hydrate gives an intense red color which is 
destroyed by hydrochloric acid. 
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320. Chloral hydrate with ammonium sulphid gives an 
orange color then a brown, more quickly on warming. 

321. Pure chloral hydrate should not give the iodoform 

reaction (287). 

Benzoic Acid, C 6 H 6 CO,H. 

Colorless needle-shaped or tabular crystals with an 
aromatic odor, melting at 121 °, soluble with difficulty in 
cold water but easily in warm water, soluble in alcohol, 
ether and chloroform. 

322. When heated in a dry tube the crystals melt and 
volatilize without blackening, becoming condensed in the 
crystalline form on the cooler part of the tube. 

323. Benzoic acid dissolves in sulphuric acid without 
charring. 

324. Lead acetate precipitates white lead benzoate, 
Pb(C 6 H 5 C0 2 ) 2 , soluble in much boiling water and reprecip- 
itated on cooling. 

325. Ferric chlorid precipitates flesh-colored basic ferric 
benzoate, Fe 2 (C 7 H 5 2 ) 3 (OH) 3 . Tartaric or citric acid pre- 
vents this. 

Salicylic Acid, C 6 H 4 OHC0 2 H. 

Colorless, odorless, needle-shaped crystals, only slightly 
soluble in cold water, more soluble in hot water. The 
normal salts are soluble in water, the basic ones less so. 
From these solutions the free acid is precipitated by mineral 
acids. 

326. When slowly heated salicylic acid melts at 156 
and sublimes as white crystals ; by rapid and high heating 
it decomposes into carbon dioxid and phenol, the latter 
recognizable by its odor. 

327. Ferric chlorid gives a deep reddish-purple color. 
Mineral acids, bases and some salts may prevent the for- 
mation. 

328. Salicylic acid, or the salicylates, dissolved in 1 cc. 
of methyl alcohol, when 1 cc. of concentrated sulphuric is 
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added and the mixture warmed, will produce methyl salicy- 
late, C 6 H 4 (OHXC0 2 CH 3 ), oil of wintergreen. Ethyl alcohol 
gives ethyl salicylate in th«e same manner, having a very 
similar odor. 

329. Salicylic acid gives similar reactions to phenol with 
boiling nitric acid (304), and bromin water (302). 

330. Concentrated sulphuric acid makes a colorless. so- 
lution with salicylic acid when cold, turning brown upon 

warming. 

Meconic Acid, Cflfl t (COJB.) t . 

331. Meconic acid is a white crystalline solid, soluble 
with difficulty in cold water, but readily so with warming, 
also soluble in alcohol. 

332. Ferric chlorid imparts a blood-red color to a solu- 
tion of meconic acid. This is not discharged by boiling 
(259), by acidifying with hydrochloric acid (259), nor by 
mercuric chlorid (229). Stannous chlorid decolorizes it. 

333. Silver nitrate produces a yellowish precipitate, be- 
coming a brighter yellow when it is warmed. 

Tannic Acid or Tannins. 

There are a number of tannins with similar properties. 
They are yellowish powders, soluble in an equal weight of 
water, also in alcohol or glycerin, and turning litmus paper 
red. 

334. Solutions of tannic acid, when made alkaline, rap- 
idly absorb oxygen, becoming red, brown or black. 

335. Ferric salts produce a blue-black color or precipi- 
tate, which is prevented or destroyed by acids. 

336. Lime-water produces a bluish-white precipitate, be- 
coming darker blue as the amount of the reagent is in- 
creased and finally changing to a pinkish color. 

337. Tannic acid reduces a permanganate solution. 

338. Solutions of albumin, gelatin or starch are precipi- 
tated by tannic acid. 
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339. A solution of iodin in potassium iodid to which 
enough potassium cyanid has been added to produce a col- 
orless liquid gives a red color with tannic acid. An excess 
of the cyanid deepens the color. It changes in one or two 
minutes to brown. 

340. A solution of antimony potassium tartrate precipi- 
tates a tannic acid solution. 

341. Tannic acid precipitates most alkaloids. 

Gallic Acid, C 6 H f (OH) 8 CO,H. 

A white or yellowish, crystalline powder, soluble in ioo 
parts of water, also in alcohol or glycerin. It has an acid 
reaction. 

342. When made strongly alkaline solutions of gallic 
acid become yellow, red and brown through the absorption 
of oxygen. If the alkali is not in excess the solution 
slowly turns green. 

343. Ferric salts give a bluish-black color or precipitate 
with gallic acid solutions. 

344. Lime-water gives a bluish precipitate, as the 
reagent is increased becoming darker blue in color by 
reflected light and a greenish by transmitted light, with a 
large excess changing to a pink color. 

345. A permanganate solution is reduced by gallic acid. 

346. Solutions of albumin, gelatin or starch are not pre- 
cipitated by gallic acid. 

347. Gallic acid does not precipitate the alkaloids. 

348. With a solution of iodin in potassium iodid which 
has been decolorized by potassium cyanid, gallic acid gives 
a red color, changing to yellowish-brown. The latter 
change is slower than with tannic acid (339). 

Starch, (C 6 H 10 6 ) x . 

It is found in vegetable substances ia the form of gran- 
ules, those of one species of vegetable often differing suf- 
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ficiently from those of another to render possible the deter- 
mination of their source by microscopic examination. It 
is insoluble in cold water, neutral and tasteless. The 
granules are destroyed by heating with water, the starch 
forming a semi-soluble paste. This may be used for the 
tests. 

349. With a solution of iodin starch gives a dark-blue 
color. This is decolorized by alkalies or by heating. In 
the latter case when the liquid cools it becomes colored 
agaift. The dry starch is colored by the same reagent. 

350. When boiled some time with a dilute mineral acid 
starch is converted into glucose, C 6 H 12 O e . The liquid then 
forms no blue compound with iodin. 

Glucose (Grape Sugar), C 6 H 12 6 . 

This is to be obtained as a dry solid or as a colorless 
syrup. Its taste is less sweet than that of cane sugar. It 
is readily soluble in water. 

351. A solution of glucose when made alkaline with 
sodium hydrate and into which copper sulphate has then 
been dropped gives on warming a reddish-yellow precipi- 
tate of cuprous oxid, Cu a O. (Trommer's reaction.) 

352. A glucose solution when heated 15 minutes with 
as much phenyl-hydrazin hydrochlorid as can be taken up 
on the point of a knife-blade and twice as much crystallized 
sodium acetate will, on cooling, deposit bright yellow crys- 
tals of phenyl-glucosazone, best observed with the micro- 
scope. 

353. Mixed with a small piece of compressed yeast and 
placed in an inverted test-tube, standing at a temperature 
of 40 with the mouth under some of the same solution, the 
glucose ferments to carbon dioxid, which rises in the tube 
and can be tested by lime-water (185). Alcohol (287) 
is formed at the same time. 
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354. When warmed with glucose an ammoniacal solution 
of silver nitrate is reduced with the deposition of metallic 
silver. 

355. Concentrated sulphuric acid does not blacken dry 
glucose in the cold. 

Saccharose (Cane Sugar), C„H S2 O n . 

Colorless, odorless, sweet crystals, neutral in reaction. 

356. With Trommer's reagent (3S 1 ) cane sugar gives 
no precipitate by heating to the boiling-point, although it 
may do so by long continued heating. 

357. Boiling with dilute mineral acids changes cane 
sugar into glucose which may be detected in the above 
manner after neutralizing (351). 

358. With phenyl-hydrazin saccharose reacts like glu- 
cose (35 2 )- 

359. An aqueous cane sugar solution (1 : 10) when 
quickly heated to boiling with an ammoniacal solution of 
silver nitrate then allowed to cool should give no more 
than a faint coloration, but no dark precipitate, in five 
minutes. 

360. Concentrated sulphuric acid turns dry cane sugar 

yellow, brown and at last black without the application of 

heat. 

Lactose (Milk Sugar), C 12 H M O n . 

White, hard crystals with a somewhat gritty, sweetish 
taste, less soluble in water than glucose or saccharose. 

361. Lactose gives the same results as glucose with 
Trommer's reagent (351). 

362. Yeast does not produce the fermentation of lactose 

(353)- 

363. Concentrated sulphuric acid in the cold does not 

blacken dry milk sugar. 

364. Lactose with phenyl-hydrazin (352) and Trommer's • 
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reagent (351) gives similar results to those obtained from 
glucose. 

Antipyrin (Phenyl-di-methyl-pyrazalon), C 6 H 6 (CH 3 ) 2 C 8 N,HO. 

Colorless, odorless crystals with a bitter taste. It unites 
with acids, as do the alkaloids, to form salts but has no 
alkaline reaction to litmus. It melts at 113 and blackens 
at higher temperatures. It is precipitated by most of the 
general alkaloidal reagents (page 144). 

365. Concentrated sulphuric acid dissolves antipyrin to 
a colorless solution, not darkened by heating. 

366. A solution of antipyrin in water when made strongly 
acid with nitric acid and warmed turns yellow, then red. 

367. The solution in water with a few drops of fuming 
nitric acid becomes emerald green ; with a larger amount 
of the acid it turns red. A nitrite added to a slightly acidi- 
fied solution of antipyrin also gives the same green color. 

368. The-aqueous solution of antipyrin is colored red by a 
drop of ferric chlorid, becoming yellow with sulphuric acid. 

369. Mercuric chlorid gives a white precipitate, readily 

soluble on warming and reprecipitating as the solution 

cools. 

Acetanilid (Antifebrin), C e H 6 NHCH 3 CO. 

A cororless, odorless, nearly tasteless, crystalline sub- 
stance, soluble with difficulty in cold water but easily sol- 
uble in hot water or alcohol. It melts at 113 . 

370. Acetanilid dissolves in either concentrated sulphuric 
or nitric acid without discoloration. 

371. When heated with sodium hydrate acetanilid is 
decomposed with a formation of anilin which gives its 
characteristic odor. If then a few drops of chloroform are 
added and the mixture heated it gives isonitril (277). 

372. One cc. of hydrochloric acid warmed with a little 
acetanilid decomposes the latter into anilin and acetic acid. 
If a drop of phenol is added, and a little calcium hypochlo- 
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rite solution, the liquid becomes reddish. When made alka- 
line with ammonium hydrate this changes to a blue (in- 
dophenol reaction). 

373. Ferric chlorid produces no color with acetanilid 
beyond the yellow of the reagent. When warmed this 
becomes darker. 

374. Warmed with i cc. each of strong sulphuric acid 
and alcohol the odor of ethyl acetate (286) appears. 

Phenacetin (Para-acet-phenetidin), C t H 6 OC 6 H 4 NHCH t CO. 

Colorless, odorless, almost tasteless crystals, soluble in 
hot water or alcohol, almost insoluble in cold water. It 
melts at 135 ° and sublimes at a higher temperature with 
white fumes. 

375. Concentrated sulphuric acid does not discolor phe- 
nacetin. 

376. Warmed with concentrated nitric acid a yellow or 
orange color appears. 

377. Phenacetin does not give the isonitril reaction (277) 
except after long heating, as it decomposes much more 
slowly than acetanilid (371). 

378. Phenacetin gives the indophenol reaction like ace- 
tanilid (372). 

379. Ferric chlorid gives a yellow color on heating. 

380. When heated with concentrated sulphuric acid and 
alcohol, phenacetin gives ethyl acetate (374). 

381. 0.1 grm. of phenacetin warmed one minute with 
concentrated hydrochloric acid, then diluted to 10 cc, on 
the addition of three drops of potassium dichromate solu- 
tion gives a reddish-violet color. 

Salol (Phenyl Salicylate), C 6 H 4 OHCO,C 6 H 6 . 

A colorless, crystalline powder with an aromatic odor, 
insoluble in water but soluble in alcohol. It melts at 42 ° ; 
in hot water it goes to the bottom in oily drops. 
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382. When warmed with water and a. few drops, of so- 
dium hydrate it dissolves with decomposition. From this 
solution hydrochloric acid precipitates the salicylic acid 
as a white solid and the phenol can be recognized by its 
odor. 

383. Equal parts of salol and potassium nitrate mixed 
with 1 cc. of concentrated sulphuric acid form a bright 
greenish-blue liquid. On dilution with water or through 
standing in the air it passes into red and fades. Sulphuric 
alone produces no change. 

384. From the alcoholic solution bromin water precipi- 
tates white monobromsalol. 

385. On adding to an alcoholic solution of salol a few 
drops of a very dilute (straw-yellow) solution of ferric 
chlorid a violet or purple color appears ; if the salol solu- 
tion is dropped into the iron solution there is a white pre- 
cipitate but no color. 

386. After shaking with water and filtering, the filtrate 
should give no result with ferric chlorid (301, 327), barium 
chlorid (178, 202) nor silver nitrate (239). 

Sulphonal (Di-ethyl-sulphon-di-methyl-methan) , 

(CASO^CCCH.),. 

Colorless, odorless, tasteless crystals, soluble with diffi- 
culty in cold water but readily by the aid of heat, also in 
alcohol. It melts at 126 . 

387. On platinum foil sulphonal burns with a yellow 
flame and the odor of sulphurous oxid. 

388. If sulphonal is mixed with ten times its bulk of 
powdered charcoal and the mixture heated to redness in a 
dry tube it gives off the garlicky odor of mercaptol. Ace- 
tic acid and sulphurous oxid are formed also. If instead 
of charcoal the sulphonal is fused with potassium cyanid 
mercaptol is formed and also potassium sulphocyanate, the 
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latter being found in the aqueous solution by the use of 
ferric chlorid after filtering (229). 

389. Sulphonal is not decomposed by mineral acids, 
alkalies nor the halogens. 

The Alkaloids. 

The alkaloids are a class of vegetable nitrogenous com- 
pounds which are chemically similar to ammonia. Like 
this the free alkaloids are of a basic nature and they form 
salts by uniting with acids without the setting free of hy- 
drogen. Only a few of the alkaloids are liquid most of 
them, as well as their salts, being crystallizable solids. 
Their salts are, as a rule, much more easily soluble in 
water than the alkaloids themselves. They are decom- 
posed by alkalies, the alkaloid being set free, just as am- 
monia is freed from its salts by the same reagents. When 
it is in a concentrated solution this process often results in 
their precipitation as the alkaloid is less soluble than its 
salts. There is a great difference in the comparative solu- 
bility of the alkaloids in many of the organic liquids like 
chloroform, benzene, ether, petroleum ether, amyl alcohol, 
etc., and the methods devised for their separation are 
based upon this. They all have a bitter taste, as do their 
salts. The separation and identification of the alkaloids 
is not as simple an operation as in the case of the metallic 
compounds. 

There are a number of reagents which will precipitate 
most or all of the alkaloids and these are of value in prov- 
ing the presence or absence of the class, although the re- 
sults are often so similar that they cannot be used for the 
identification of the individual members. Among the most 
important of these alkaloidal group reagents are : 

Tannic acid> which precipitates most alkaloids, as 
well as some other similar substance, as white or yellow- 
13 
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ish, flocculent compounds. They are often soluble in ex- 
cess of the precipitant or in other acids. 

Picric acid, which from not too dilute solutions precipi- 
tates yellow compounds, often crystalline in form. 

Phosphomolybdic acid precipitates the alkaloids and 
similar nitrogenous compounds in the form of yellowish, 
or brownish-yellow, solids. These can be filtered from 
the solution and the alkaloid set free from them by the 
alkalies and their carbonates. 

Phosphotungstic acid acts like the phosphomolybdic in 
most cases. 

Mercuric -potassium iodid precipitates most alkaloids 
from solutions of their sulphuric or hydrochloric acid salts 
as white or yellow compounds. 

Iodin in potassium iodid forms brown precipitates with 
alkaloidal solutions. 

Mercuric cklorid, platinic chlorid or gold chloride from 
not too dilute solutions, throw down white, or yellowish, 
precipitates. With dilute solutions they may only form a 
turbidity. 

In order to identify a compound as an alkaloid it must 
not only give the general tests for the class but be charac- 
terized by some special reaction or reactions. In the spe- 
cial reactions that follow it may be assumed, unless it is 
otherwise stated, that the alkaloid under discussion will, in 
the main, give the general reactions. 

In the reactions of the alkaloids, and in others where it 
often becomes necessary to identify minute quantities of 
material, it is convenient, instead of test-tubes, to make use 
of small, rather flat, watch crystals. The results of the 
treatment of a drop of solution with one of the reagent are 
plainly perceptible if the watch-glass stands upon a suitably 
colored paper, and the precipitate can be examined with the 
microscope, placing the watch-glass upon the stage. If it 
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is desired to make the test upon a solid compound the drops 
of solution on the watch-glass may be evaporated to dry- 
ness on the steam-bath. At first rather large amounts of 
the alkaloids may be used but after some skill has been 
gained this should be reduced to very minute quantities in 
order to show the sensitiveness of the reagents. 

Morphin, C 1T H 19 NO s . 

Morphin and its sulphuric and hydrochloric acid salts 
are white compounds crystallizing in needles or prisms. 

390. Concentrated nitric acid dissolves morphin or its 
salts with a blood-red color which gradually passes into a 
yellow. The latter is not changed to a violet by addition 
of stannous chlorid, but is colored reddish-brown. Only 
a small amount of the acid should be used. 

391. Concentrated sulphuric acid dissolves morphin to a 
colorless liquid. If to this a trace of nitric acid is added 
there is no change in color, but if it has stood 24 hours, or 
is heated to ioo° for half an hour, the nitric acid produces 
a red. A crystal of potassium permanganate added to the 
sulphuric acid solution should produce no violet or purple 
color. 

392. Frohde's reagent gives a violet solution, gradually 
changing to brown, green and yellow. 

393. A neutral solution of ferric chlorid with morphin or 
solutions of its neutral salts gives a blue color. Only a 
small quantity of the ferric compound can be used as an 
excess prevents the reaction. The color is destroyed by 
free acids, and impurities may prevent its appearance. The 
ferric chlorid, which ordinarily has an acid reaction, must 
be prepared by subliming the -crystals in a hard-glass tube 
after driving off the water and acid by gentle heating ; 
then dissolve the sublimate in distilled water. The solution 
should be nearly or quite neutral. Impurities may prevent 
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the formation of the color. The correctness of the reagent 
must be proved by its ability to produce the blue with a 
specimen of pure morphin sulphate. Some ptomains give 
a greenish color, but not a blue. None of the other vege- 
table alkaloids give this result. 

394. Morphin with half its weight of sugar gives a red 
color to a drop of concentrated sulphuric acid. 

395. Vanadium sulphate produces a reddish, then a 

violet color. 

Narcotin, C M H 28 NO T . 

Concentrated sulphuric acid dissolves narcotin to a color- 
less liquid. If the acid contains a trace of nitric acid, as 
happens often with the ordinary chemically pure acid, the 
solution turns yellow on standing and red by warming. 
The red is easily obtained by dissolving in a little dilute 
acid, then evaporating from a test-tube very slowly by 
means of a small flame. After the red liquid cools a 
trace of nitric acid changes it to violet. 

396. Concentrated nitric acid dissolves narcotin to a yel- 
low solution. 

397. Frohde's reagent of the ordinary strength dissolves 
narcotin, forming a green solution. If stronger (0.01 gm. 
molybdate in 1 cc. of acid) the green solution soon changes 
to a cherry red. 

398. Erdmann's reagent gives a red solution. 

399. Vanadium sulphate gives a red color likewise. 

Strychnin, C 8l H 22 N 2 2 . 

Strychnin is soluble with difficulty in water, its salts 
much more easily so. It is one of the most intensely bitter 
alkaloids. It gives reactions in very dilute solutions with 
most of the general alkaloidal reagents. The chlorids of 
gold and platinum do not react in very dilute solutions, 
perhaps below 0.1 per cent, to 0.01 per cent. 
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400. Strychnin forms a colorless solution with concen- 
trated sulphuric acid. 

401. To the dry substance add a drop of strong sulphuric 
acid, about one part water to five parts of acid, then by 
means of a glass rod, draw through the solution a minute 
crystal of potassium dichromate. A series of colors results, 
always in the same order ; first blue which quickly becomes 
violet, then more slowly red, pink and yellow. The colors 
are characteristic of strychnin and, when the substance is 
pure will be produced by as small an amount as the fifty- 
thousandth of a grain. The reaction is, however, inter- 
fered with by the presence of a number of organic com- 
pounds, including morphin. Potassium permanganate 
gives similar results when used instead of the dichromate. 

402. Vanadium sulphate solution dissolves the solid 
compounds with the production, first of a blue, followed 
by a violet and red color. If it is then diluted with water 
the pink remains for a long time. 

403. Cerium oxid with strychnin in concentrated sul- 
phuric acid gives the same colors as the last reagent. It 
will react with the millionth of a gramme. To make the 
reagent heat cerium oxalate to redness to form the oxid 
and dissolve this in thirty times its weight of concentrated 
sulphuric acid. 

404. Strychnin gives no color when treated with concen- 
trated sulphuric acid and a molybdate, nitrate or nitric acid. 

405. Concentrated nitric acid colors strychnin or its 
salts only faintly yellow, if at all, when it dissolves them, 
but on standing the solution becomes a darker yellow. 

Brucin, C „H NO. 

***^***l w t3 26 2 4 

The alkaloid and most of its salts are crystalline. 

406. Concentrated nitric acid dissolves brucin to a deep 
red liquid, which on standing or heating becomes yellow. 
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After this has occurred dilute the solution and with this a 
reducing agent, like stannous chlorid, will give a violet. 
An excess of nitric acid must be avoided or the reaction 
loses in sensitiveness. The violet solution when made 
alkaline with sodium hydrate changes to blue or green. 
These changes are peculiar to brucin. 

407. Concentrated sulphuric acid dissolves brucin with- 
out producing a color. 

408. Chlorin water forms a bright red solution, the color 
being destroyed by an excess of the reagent and turned 
brownish-yellow by ammonium hydrate. 

Atropin, C n H w NO s (Daturin). 

409. Atropin imparts a color to neither concentrated 
nitric nor sulphuric acid in the cold but dissolves to a clear 
solution. 

410. A crystal of atropin when moistened with three or 
four drops of fuming nitric acid leaves a yellowish residue 
when evaporated to dryness on a steam-bath. Let a drop 
of a solution of potassium hydrate in 90-per-cent. alcohol 
run over the residue. Where they come in contact a red- 
dish-violet color is produced. 

411. If a milligramme of atropin is heated in a dry test- 
tube until vapors begin to appear and then 1 cc. of con- 
centrated sulphuric acid is added and the heating continued 
the odor of flowers is observed. By cautiously diluting 
with 2 cc. of water and warming further it may be made 
more distinct. On addition of small crystals of potassium 
dichromate to the concentrated acid solution the odor 
changes to that of oil of bitter almonds. 

412. Platinic chlorid does not precipitate atropin or its 
salts. 

413. A very dilute aqueous solution of atropin (1 : 100,- 
000) when applied to the eye causes a dilation of the pupil 
which lasts for a long time. 
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Veratrin. 

414. Veratrin dissolves in concentrated sulphuric acid 
which is free from nitrogen compounds to a colorless solu- 
tion. On warming it changes to a crimson-red. In the 
ordinary chemically pure acid it makes a yellow solution, 
changing to an orange, then blood-red and in half an hour, 
to a carmine-red. The addition of a minute quantity of 
nitric acid hastens these changes. 

415. When warmed a few minutes in a small test-tube 
with 1 cc. of concentrated hydrochloric acid the latter is 
colored a reddish-violet. No other alkaloid gives this re- 
action. 

416. If mixed with 2 to 4 times the amount of cane 
sugar, then moistened with concentrated sulphuric acid 
(only a little being added from a glass rod, not enough to 
make a solution) veratrin gives a dark green color, becom- 
ing purple and then blue in a few minutes. From the 
action of the acid on the sugar it finally turns brown and 

black. 

Cocain, C^NO,. 

417. Solutions of the alkaloid or its salts in water cause 
numbness when applied to the tongue and dilation of the 
pupil when applied to the eye. 

418. Concentrated sulphuric acid dissolves the cocain or 
its salts without discoloration. When warmed it turns 
brown, the hydrochlorid giving the odor of hydrochloric 
acid. 

419. Concentrated nitric acid gives no color with cocain 
in the cold. 

420. With i-per-cent. solution of potassium permanga- 
nate cocain yields a precipitate of cocain permanganate. 
This upon standing collects in radiating clusters of thin 
tabular crystals, a bright reddish-purple in color, very 
plainly to be seen with a low power of the microscope. 
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421. An aqueous solution of cocain acidulated with dilute 
sulphuric acid, to which enough potassium permanganate so- 
lution has been added to give a pink color, does not lose this 
after standing half an hour at the ordinary temperature. 

422. If a little cocain hydrochlorid is powdered with as 
much mercurous chlorid in a dry porcelain dish the mix- 
ture is white but it becomes gray in presence of a little 
moisture, even by being breathed upon. 

423. Cocain or its hydrochlorid when evaporated to dry- 
ness on the steam-bath, after the addition of 1 cc. of con- 
centrated nitric acid, leaves a colorless residue. With a 
few drops of alcoholic potassium hydrate it develops the 
pleasing and permanent odor of benzoic ethyl ester. No 
purple color is thus produced, as with atropin (410). 

424. Cocain hydrochlorid solution with a few drops of 

potassium dichromate gives a yellow precipitate which 

quickly disappears. On acidifying the solution then with 

hydrochloric acid an orange-yellow crystalline precipitate 

of cocain chromate appears which is soluble in excess of 

the acid. 

Quinin, C^HJN.O,- 

425. Quinin or its salts give no color with Erdmann's 
reagent, Frohde's reagent or with concentrated nitric acid. 

426. Solutions of quinin, as well as many salts of quinin, 
after acidifying with sulphuric acid, give a bluish fluor- 
escence, perceptible in very dilute solutions and a charac- 
teristic reaction. Concentrated acid dissolves the dry 
alkaloid to a similar fluid, with no brown or black color. 

427. Ten cc. of a solution of a quinin salt in water with 
two drops of bromin water or chlorin water and enough 
ammonium hydrate to render it alkaline gives an emerald- 
green color. 

If to the solution in dilute sulphuric acid the chlorin 
water is added as before, then two drops of potassium fer- 
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rocyanid solution, and afterwards enough ammonium 
hydrate to make it alkaline, a red color appears which dis- 
appears on standing. No other alkaloid gives the last 
two reactions. 

428. If to an alcoholic solution of quinin sulphate there 
is added tincture of iodin, and the mixture is warmed, then 
allowed to stand and cool, there separates a precipitate 
consisting of clusters of crystals, dark-green by transmitted 
light and with a metallic luster by reflected light. The 
compound is called herapathit and is characteristic of 
quinin. 

Questions for Further Study on Organic Compounds. 

What are organic substances and how distinct is the line 
between these and the inorganic ? Are benzene and ben- 
zine easily combustible? Why? What is the nature of 
substances of which the vapors form explosive mixtures 
with air ? What is the difference in arrangement of atoms 
in the molecules of the above compounds ? Under what 
circumstances is iodoform decomposed by air or light? 
What oxidizing agents oxidize alcohol or its solutions? 
What is produced by the action of strong mineral acids 
upon alcohol ? Why do many tinctures give precipitates 
when diluted with water? Are there any which do not? 
Why? What compounds, organic and inorganic, are sol- 
uble in alcohol ? In what beverages is amyl alcohol found 
and under what name ? What is the value of glycerin 
as a solvent? Will carbolic acid neutralize solutions of 
the alkalies ? With what solids does the crystallized sub- 
stance form a liquid mass on trituration? For what is 
formaldehyde most extensively used? How can it be most 
readily generated? Where does meconic acid occur and 
what is its importance ? What drugs contain a large pro- 
portion of tannic acid ? Are the aqueous solutions of gallic 
14 
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and tannic acid permanent? What would be the effect of 
triturating them dry with strong oxidizing agents ? Is tan- 
nic acid incompatible with solutions of any other metals 
except antimony? Can starch be changed into glucose by 
other means than by mineral acids ? What is the relation 
of this to*" liver starch"? Does grape sugar occur else- 
where than in the grape ? What are the best means of 
distinguishing the three kinds of sugar? What is the rela- 
tion of the alkaloids to the ptomaines ? Is there any simi- 
larity in their reactions ? Which are the liquid alkaloids ? 
With what solids does antipyrin give a liquid mass on tri- 
turation ? What is the difference between an isonitril and 
the cyanid of an organic radical? What are the mer- 
captols? Trituration with what solids and salol gives a 
liquid mass? 



PART II. 



VOLUMETRIC ANALYSIS. 



CHAPTER I. GENERAL PRINCIPLES. 

In quantitative chemical analysis, that is, the determina- 
tion of the amounts of the constituents of a compound or 
mixture, two methods may be employed, the gravimetric, 
where the constituent or some form of it is isolated and 
weighed, and the volumetric, where to a definite quantity 
of the substance there is added of a dissolved reagent 
just sufficient to complete some chemical change, such as 
precipitation, neutralization or oxidation. If the strength 
of this reagent is known we can calculate from the volume 
necessary for the reaction the weight of the compound 
acted upon. 

For example the strength of a solution of silver which 
has been dissolved in nitric acid may be ascertained in two 
ways. We know that when the metal dissolves it forms 
silver nitrate, of which the formula is AgNO a . Of this the 
atom of silver weighs 107.12, of nitrogen 13.94, and the 
three atoms of oxygen 47.637, or a weight of 168.697 for 
the molecule. If hydrochloric acid is added to this solu- 
tion silver chlorid is produced. 

AgN0 3 + HC1 = AgCl + HNO3. 
168.697 36.18 142.30 62.577 

That is, one molecule of hydrochloric acid having a 
weight of 36.18 will convert 168.697 parts of silver nitrate 
into 142.30 parts of silver chlorid and 62.577 parts of nitric 

155 
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acid. The silver chlorid, which forms a precipitate, can be 
filtered from the liquid, washed, dried and weighed. Since 
of every 142.30 parts of the chlorid there are present 35.18 
of chlorin and 107.12 of silver a simple proportion will'give 
the weight of silver in the compound. Thus 

142.30 : 107.12 = weight of AgCl : weight of Ag. 

This is the gravimetric method. 

In the volumetric method the hydrochloric acid would be 
made of such a strength that each cubic centimeter would 
contain a known and definite weight of HC1. From the 
number of cubic centimeters of acid used and the strength 
of each we can calculate the weight of HC1 necessary to 
precipitate the silver. A proportion gives the weight of 
silver precipitated, this being equal to 107.12 parts of silver 
for each molecule of HC1. Thus 

36.18 : 107.12 = weight of HC1 used : weight of Ag. 

Gravimetric methods require a considerable time for their 
completion and usually demand more manipulative skill 
than the volumetric. A very sensitive and somewhat ex- 
pensive balance is also a necessity. On the other hand the 
volumetric methods can be easily and rapidly carried out 
after the standard solutions are prepared and the apparatus 
is neither dear nor cumbersome. In some cases, on account 
of the impossibility of deciding when the proper amount of 
the reagent has been used, volumetric methods of analysis 
must be abandoned. However, since they are so convenient 
of application, they will be the principal ones studied here. 

The measuring apparatus employed in volumetric chem- 
ical analysis is for the determination of volume and it is 
graduated according to the metric system (see table, page 
238) because of the great readiness by which calculations 
can be made thereby. The unit most in use is the cubic 
centimeter (cc), with its divisions and multiplies. 
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Measuring cylinders are narrow cylinders of glass with 
a foot. On account of the comparatively large surface of 
the liquid, whereby a slight variation in the height of the 
liquid makes a considerable difference in its volume they 
can only be used where accuracy is not essential. They 
will, however, roughly measure any volume less than their 




Apparatus/or Measuring. I. Flasks. 1. A pouring burette. (Bink's 
form.) 3. Two dropping burettes (Mohr's form) in a holder, one with a 
rubber tube and spring clamp, the other with a glass stop-cock. 4. Grad- 
uated cylinders. 5. In front are three pipettes with bulbs and one of the 
cylindrical form. 

total capacity. Some are of the same diameter throughout 
their length and others are fitted with glass stoppers for 
convenience in shaking their contents. 

If accurate measurements of comparatively large vol- 
umes are necessary flasks serve the purpose better. Ac- 
curacy is gained by a narrow neck where they are marked 
to indicate the height to which they should be filled. It is 
advantageous to have two marks, the lower one of which 
shows where the liquid should stand when the flask con- 
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tains the volume which it is designed to hold, for example, 
a liter, and the upper (but little above the first) to which 
the fluid must rise if the flask is expected to deliver a liter 
when it is emptied. That is, allowance is made for the 
few drops which adhere to the inside of the vessel. Meas- 
urements can by this means be made of only one volume 
and no fractional parts of it. Measuring flasks are used 
for the preparation of the standard solutions that are em- 
ployed in volumetric analysis. As variations in tempera- 
ture cause expansion and contraction in the liquids the 
volume will be correctly measured only at that temperature 
at which the flask was calibrated. This is usually at 15 C. 
A pipette is a measure used to deliver a definite and 
fixed volume also. It is made of a glass tube, either with 
an expansion or bulb in the middle, or of the cylindrical 
form. To fill it the point is inserted in the liquid, then the 
air above is exhausted by the mouth until the liquid rises 
above the upper mark, when the tube is removed from the 
mouth and the top quickly covered with the forefinger. 
By slightly turning the finger the liquid, which should now 
stand above the mark, is allowed to flow out until the sur- 
face coincides with the mark. The pipette is then held 
over another vessel and the liquid is poured into this. 
Some pipettes have two graduation marks, one above the 
bulb and the other below. In this case the liquid must be 
allowed to escape only until it reaches the level of the 
lower one. If there is but a single graduation above the 
bulb, it should be emptied, and the last drop removed by 
touching the side of the vessel below. Pipettes of this 
shape are very accurate since the area of the tube is small 
as compared with that of the bulb. Each one will deliver 
only the volume for which it is calibrated. They are ordi- 
narily not used for measuring over 100 cc. The cylindri- 
cal form allows the measurement of fractions of its whole 
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volume, being graduated throughout the greater part of its 
length. With the smaller sizes a rubber bulb, or nipple, 
slipped over the upper end enables the operator to regulate 
the flow to dropping or any desirable speed. 

When measurements are to be made of varying volumes 
of liquid a burette should be employed. This is made of 
a cylindrical tube, carefully graduated into cubic centi- 
meters and their fractions. It differs from the cylindrical 
pipette in not having its delivery regulated by the finger 
on the upper end. There are two varieties, the dropping 
and the pouring burettes. The flow from the former is 
usually regulated by a valve or stop-cock below. One 
with a glass stop-cock, although the most expensive, is 
preferable since, rubber affects the strength of some solu- 
tions if allowed to remain in contact with them. (A little 
vaseline will prevent the stop-cock sticking.) Instead of 
this in many cases a short piece of rubber tubing can 
be slipped over the end of the burette and the amount of 
liquid delivered can be controlled by the compression of 
the tubing by a spring clamp or pinch-cock. A solid bead of 
glass slightly larger than the inside diameter will also close 
the tube when placed within it. By squeezing this between 
the thumb and forefinger the rubber is stretched and the 
contents of the burette slowly drop from the narrow jet 
below. Where frequent determinations are made with the 
same solution the lower part of the burette can be connected 
with the stock bottle of the same, thus permitting it to be 
filled without pouring into the top of the tube. 

The pouring burettes vary somewhat in form, but are 
essentially a long, narrow tube graduated like the others 
but closed at the bottom. From these the solution is poured 
out of a small jet at the top, and the amount thus used is 
indicated by the difference between the height of the liquid 
before land after the pouring. By holding the finger over 
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the large tube to govern the admission of air the flow can 
be exactly regulated. They have no rubber parts to change 
the strength of the solutions used in them and do not cost 
as much as those with glass stop-cocks. 

Fig. 14. Fig. 15- 



The lower part of a Mohr's burette The lower part of a Mohr's burette 

with spring clamp, showing the with glass stop-cock and Erdmann's 
meniscus. float in the solution. 

An examination of the surface of a liquid in a glass ves- 
sel, particularly if this is a narrow one, shows that the sur- 
face is not flat but concave or saucer-shaped. This is 
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called the meniscus. It results from the attraction be- 
tween the glass and liquid which causes a rising of the 
latter at the circumference. When seen from the side it is 
sometimes a matter of uncertainty which part should be 
regarded as the top of the column. In measuring with 
a burette this is a matter of indifference providing the same 
part is always used. With deeply colored liquids only the 
upper line can be distinguished. With colorless ones the 
lower margin of the meniscus is most distinct, especially 
if a white card is held behind it. In all cases the eye of 
the observer must be on the same level as the meniscus. 
The Erdmann's float or swimmer may be employed as an 
aid in determining how much the column has fallen in the 
burette. This is a narrow tube weighted so as to float 
vertically in the burette. A line around the float is the 
measuring point instead of the meniscus. 

The standard solutions employed in volumetric analysis 
are of two kinds, the normal and the empirical. A normal 

solution ( — J contains in one liter a number of grammes of 

the active reagent equal to its molecular weight, provided 
the molecular weight of the reagent is equivalent to one 
atom of hydrogen. Otherwise one liter contains such a frac- 
tion of the molecular weight as is the equivalent of one hydro 
gen atom. The valence of the radical or active component 
of the compound indicates the number of hydrogen atoms 
to which it is equivalent. For example, 

Radical or Valence of Molecular Normal Solution. 
Reagent. Active Com- Active Com- wIjXu* /*«««!l^f w i 

pouent. ponent. Weight. Grammes per Liter. 

HC1 CI I 36.18 36.18 

NaOH Na I 39699 39-7° 

NH 4 OH NH 4 I 34.819 34.82 

Na. 2 C0 3 Naj II 105.187 52.59 

H 2 S0 4 S0 4 II 97336 48.62 

1 In making normal solutions, unless exceptional accuracy is required, 
the weighings do not need to be carried farther than two decimal places. 
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»»••»«.» EiSISftSL ?5\ZTr™ Molecular Normal Solution. 

Reagent. Acta Com- Active tt>m- Wcight . Grammes per Liter. 

;. H 2 C a 4) 2H 2 C a 4 II 125.094 62.55 

H S P0 4 P0 4 III 97.316 32.44 

2KMn0 4 6 2 V 156.886 31.38 

Since there are 1,000 cc. in a liter each cubic centimeter 
of a normal solution contains as many milligrammes of 
the reagent as there are grammes in the liter. One cubic 
centimeter of a normal solution is the equivalent of one 
cubic centimeter of any other normal solution. This is 
illustrated by the following examples : 

HC1 + NaOH = NaCl + H 2 0. 
36.18 39.699 
H 2 S0 4 + 2NaOH = Na 2 S0 4 + 2H 2 0. 

2)97'3 36 79-39 8 
48.668 39.699 
2KMn0 4 + 5H 2 C 2 0*> 2 H 2 + 3 H 2 S0 4 = 

* o)3*3-77 2 625.470 
31.377 62.547 
K 2 S0 4 + 2MnS0 4 + ioC0 2 + 8H 2 0. 

The equations represent the chemical actions taking 
place between different compounds, the numbers below 
giving the weight of the one or more molecules which 
enter into the reaction. In all cases these weights are 
seen to be in the same relation as those in the cubic centi- 
meter of the normal solution, therefore equal volumes of 
such normal solutions are equivalent in their power. 

In many determinations a normal solution is too strong 
for use and one of a fractional amount may be substituted. 

One tenth of the normal ( decinormal, — J or one hun- 



N_ 
V IO °, 

2 KMn0 4 acts as an oxidizing, agent, two molecules yielding 5 atoms of 
oxygen. 



dredth the normal ( centinormal, -^- ] are common. These 
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are prepared by placing in a measuring flask one-tenth or 
one one-hundredth of its volume of the normal solution, 
then diluting to the mark. In the same manner others can 
be made if more convenient. 

An empirical standard solution is not made up in the 
same manner as the normal but is represented by Fehling's 
solution for the determination of glucose and some other 
sugars. Enough copper sulphate is taken for i cc. to 
oxidize 0.005 g rm « °^ glucose. 

The operation of volumetric analysis is called titration 
and the analyst speaks of titrating the substance under 
investigation. The process is to place the standard solu- 
tion in a burette, noticing the exact height of the liquid if 
it does not stand at the zero mark. From this the solution 
is allowed to slowly flow into the liquid that is being 
tested, stirring continually to cause immediate mixing. 
When enough of the reagent has been added to complete 
the reaction the amount is carefully read from the burette 
and the unknown quantity of the other substance is calcu- 
lated. In order that a volumetric method of quantitative 
analysis should be exact it is necessary that the end reac- 
tion, or point when sufficient of the reagent is present, 
should be plainly visible through some change in the ap- 
pearance. Sometimes this occurs spontaneously when the 
chemical change is complete but very often a third sub- 
stance called an indicator must be added. 

The calculation of the results may be made in a number 
of ways. It should be remembered that although the 
measurements are by volume the results are in terms of 
weight and that therefore volume should be converted into 
weight as soon as possible. Suppose that in the determi- 
nation of the percentage of silver in an alloy with copper 
after dissolving one gramme of the alloy in nitric acid 5.0 
cc. of the normal hydrochloric acid should be exactly suffi- 
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cient to precipitate the silver. Each cc. of the normal so- 
lution containing 0.03618 grm. of HC1-, 0.1809 grm. of HC1 
would have been thus used. By the method of proportion 
given on page 255 we have 

Weight of HC1 : Weight of Ag = 
36.18 : 107.12 = 

Weight of HC1 : Weight of Ag 
0.1809 grm. : 0.5356 grm. 

or 53.56 per cent, of silver in the alloy. 

Or again, as the equation above shows that each cubic 
centimeter of normal HC1 precipitates 0.107 12 grm. Ag, 
the amount of silver present can be obtained by multi- 
plying this by the volume of the acid used. That is (since 

, . . molecular weight . 

normal solutions contain of univalent 

1000 

molecular weight . 

compounds, of bivalent compounds, etc., 

2000 

and since one cubic centimeter of this normal solution acts 

molecular weight . 

upon of other univalent compounds, 

v 1000 v 9 

molecular weight . 
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2000 r ' 

molecular weight 

3000 
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of other trivalent compounds, etc.) in 
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CHAPTER II. ANALYSIS BY NEUTRALI- 
ZATION. 

Of this there are two kinds, acidimetry — the determina- 
tion of acids, or substances with an acid reaction — and 
alkalimetry — the determination of alkalies, or substances 
having an alkaline reaction. A standard alkali or acid is 
added from the burette to the solution of unknown strength 
until the reaction of the mixed solutions is neutral. This 
point is shown by the addition of an indicator. This is a 
substance which is of one color in liquids of alkaline re- 
action and another when the reaction is acid. A number 
of such are used in acidimetry and alkalimetry. ' In some 
instances one is to be preferred and in some another, so that 
there can be no such thing as the one best indicator for all 
cases. Some from their color, cannot be used with liquids 
of a certain shade ; some have their sensitiveness lessened, 
or their action prevented, by ammonia, carbon dioxid, etc. ; 
some are affected by mineral acids but not by organic 
acids, so that the selection of the proper indicator is a 
matter of importance. The properties of some of the most 
common are given in Table VII. 

The Preparation and Properties of Standard Solutions. 

• 

These can be prepared either by standardizing by means 
of other standard solutions, when it is inconvenient or im- 
possible to weigh the reagent which is to be dissolved, as in 
the case of gaseous reagents or those which contain an 
indefinite quantity of water. Or they may be made, as is 
most frequent, by weighing out the proper amount of the 
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-solid reagent, placing this in a measuring flask (usually 
one holding a liter) filling it to the mark with distilled water 
of a temperature of 15 ° and thoroughly mixing after solu- 
tion has occurred. When not in use they should be pre- 
served in tightly closed bottles. Some slowly change in 
strength for a long time after they have been prepared, and 
others are so unstable that special methods of preservation 
must be employed and their strength must be determined 
before each new series of analyses. Too great pains can- 
not be taken to insure correctness in the standard solutions. 

Standard Solutions for Acidimetry and Alkalimetry. 

Normal Sodium Carbonate , Na 2 CO r — Pure anhydrous 
sodium carbonate is to be heated to a low red heat and after 
cooling, 52.59 grms. are dissolved in pure water and the vol- 
ume made up to one liter. If the pure salt is not at hand 
85 grammes of sodium bicarbonate which is usually easily 
obtained in the pure state, will, by heating to drive off the 
water and carbon dioxid, give rather more than this weight 
of the pure carbonate. 

Normal Sodium Hydrate ', NaOH. — This contains in 
one liter 39.70 grams of pure NaOH. Since the solid sub- 
stance as purchased contains a varying amount of moisture 
and consequently cannot be accurately weighed, the solu- 
tion should be made at first stronger than is required, its 
strength ascertained, and should then be diluted with the 
calculated volume of water. As both the solid and the 
solution unite with carbon dioxid care must be taken to 
prevent its access to them. Put about 45 grammes of pure, 
dry sodium hydrate into a liter flask and fill to the mark 
with cold distilled water from which the carbon dioxid has 
been lately expelled by boiling. After dissolving and thor- 
oughly mixing remove 10 cc. by a pipette to a small beaker 
and add a few drops of phenolphthalein solution. From 
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a burette run in normal hydrochloric acid until, after stir- 
ring, the liquid becomes permanently a faint pink. Repeat 
this several times and if the determinations nearly agree 
take their average; calculate the strength of the alkaline 
solution and the amount by which it must be diluted to 
Pin i6 make it normal. If, for example, 

II cc. of the normal acid is neces- 
sary to neutralize 10 cc. of the 
sodium hydrate where if the latter 
were normal only 10 cc. of acid 
would be required, the alkali is 
j ^ss_^ stronger than normal. Enough 

f ^\ water must be added to dilute each 

L-, _!L__1 I0 cc> °* t ' ie hydrate to n cc. — 

that is, the one tenth of its bulk. 
For example if 50 cc. of the liter 
first prepared have been used in the 
preliminary testing 95 cc. of water 
should be added to the remainder 
(in a larger flask, since this makes 
more than a liter). If the determi- 
nation was correct 10 cc. of this so- 
lution will now exactly neutralize 10 
cc. of the normal acid. For preser- 
vation the solution should be kept in 
Bottle for the preserva- a bottle having a two-holed rubber 
1 of standard solutions stopper. Through one hole passes 
a syphon tube with a rubber tube 
and spring clamp on the end; to 
the other is attached a tube filled with small fragments of 
soda-lime. The air can pass through this but its carbon 
dioxid is absorbed. It is sometimes recommended that 
this soda-lime tube be vertical but it will be found that 
after a long time enough moisture will be attracted from 
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the air to liquefy the soda-lime and this, being itself alka- 
line, by running into the standard solution will alter its 
alkalinity. A U-tube does not involve this danger. Other 
standard alkaline solutions, ammonium, potassium or ba- 
rium hydrate, etc., can be prepared in a similar manner. 

Normal hydrochloric acid, HCl, contains 36.18 grms. 
in a liter. Since the acid as purchased is of variable 
strength the normal acid must be made by standardizing 
by means of a standard alkaline solution. Dilute about 
130 cc. of the concentrated hydrochloric acid (specific 
gravity 1.16) to a liter, which will make it above normal 
strength. Mix well and remove 10 cc. to a small beaker, 
adding a few drops of methyl-orange solution. From a 
burette allow a normal sodium carbonate solution to flow 
slowly in, stirring meanwhile, until the color of the liquid 
changes from a pink to a pale yellow. Take the average 
of several determinations and calculate the. amount by 
which it must be diluted to make 10 cc. of one solution 
neutralize 10 cc. of the other. Add this and test it to make 
sure that it is correct. Thus if 10 cc. of the acid requires 
12.5 cc. of the normal carbonate to neutralize it, for each 
10 cc. of the acid 2.5 cc. of water must be added. 

Normal oxalic acid, If 2 C 2 O v 2lf 2 contains 62.55 grms. 
of the crystallized solid per liter. The solution may be 
prepared by weighing out this amount if the crystals are 
bright in appearance and free from moisture. They are, 
however, very efflorescent, losing a great part of their 
water of crystallization when exposed to the air, then be- 
coming dull in appearance, and should not be used for 
making the solution by weight/ The pure crystals leave 
no residue if they are ignited on platinum foil. If such a 
residue remains it is a sign of an impurity. If the pure 
crystals cannot be obtained a slightly greater weight than 
given above may be taken (perhaps 65 grammes), and, after 
15 
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dissolving in water in a liter flask and diluting to a liter, the 
strength may be learned by titrating with the normal sodium 
hydrate, using jjhenolphthalein for the indicator. This 
solution will be too strong and should be reduced by adding 
the calculated amount of water as in the preparation of 
normal hydrochloric acid. The solution decomposes in 
direct sunlight. Very dilute solutions do the same in weak 
light so that if decinormal or centinormal solutions are 
needed the normal solution should only be diluted with 
water shortly before it is to be made use of. 

Other acids, sulphuric, tartaric, etc., can be standardized 
by a similar course of procedure. 

Acidimetry. 

For the standard solution normal sodium carbonate or 
sodium hydrate may be used. Place this in the burette, 
making a note of its height if it is not at the zero mark, 
and with a pipette carefully measure a definite volume, 
perhaps 10 cc. of the liquid of which the acidity is to be 
determined, transferring it to a small beaker. To this 
add a few drops of the indicator, selected in accordance 
with Table VII. For the titration let the standard alkali 
flow slowly into the acid, stirring meanwhile in order to 
thoroughly mix the two liquids. At first the color, pro- 
duced when the alkali meets the indicator, vanishes im- 
mediately. When it disappears only slowly the normal 
solution should be added by drops so as to avoid an excess, 
stopping when the change in color of the indicator is per- 
sistent throughout the liquid. The amount drawn from 
the burette should be ascertained and noted and the titra- 
tion repeated. It is best to take the average of several 
nearly concordant results than to depend upon one. 
Knowing the weight of each acid which will be neutralized 
by one cubic centimeter, the weight present in the volume 



ANALYSIS BY NEUTRALIZATION. 171 

used can be calculated. The final results can be expressed 
as grammes per liter or in percentage by weight. In a liter 
of water there are 1,000 grammes (cc.) and consequently if 
the liquid being tested is of the same specific gravity as 
water the percentage by weight (that is, parts in a hundred) 
can be obtained from the grammes per liter by dividing 
by ten. When the specific gravity is greater or less than 
one the result so obtained must be divided by the specific 
gravity to find percentage. It is to be understood, of 
course, that acids combined in neutral salts cannot be de- 
termined in this manner. 

Practical Exercises in Acidimetry. 

1. Determine the strength of dilute sulphuric and nitric 
acids furnished by the instructors, reporting results. Use 
normal sodium carbonate, with methyl orange for an indi- 
cator. 1 

2. From concentrated hydrochloric acid prepare a nor- 
mal solution according to the directions on page 169. 

3. After the preparation of normal sodium hydrate (page 
167) standardize a normal solution of oxalic acid (page 
169). 

Other chemical compounds which have an acid reaction 

can be determined quantitatively by similar methods after 

the choice of a suitable indicator. Among those with 

which sodium hydrate and phenolphthalein can be used 

are acetic acid (vinegar), lactic acid (sour milk) or acidity 

N 
of gastric contents (with — NaOH), aromatic sulphuric 

acid, hydrobromic acid, and hypophosphorous acid, 
HPH 2 2 , (univalent, the equation being 

NaOH + HPH 2 2 = NaPH 2 2 + H 2 0). 

1 In the practical exercises a single titration ought not to be depended 
upon but the average of two or three closely agreeing ones should be taken. 
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In all cases the basicity of the acid must be considered, 
as this determines the amount of alkali necessary to neu- 
tralize the molecule. 

Alkalimetry. 

In this the operations of acidimetry are reversed, the 
standard acid solution being placed in the burette and the 
alkaline solution below. Otherwise the method is as be- 
fore. In addition to its use in determining the amount 
present of a substance with an alkaline reaction it can be 
used for the same purpose with another class of compounds 
— that is, the salts of organic acids which' have as a base 
one of the alkali metals. These when ignited are changed 
into carbonates of those metals. The carbonates are alka- 
line in reaction although the salts from which they are 
derived may be acid or neutral. One molecule of the car- 
bonate requires for its formation a sufficient number of 
molecules of the organic compound to furnish two atoms of 
the metal. Thus one molecule of a normal tartrate gives 
one molecule of carbonate, 

K 2 C 4 H 4 6 + 5O = K 2 CO s + 2H 2 + 3CO r 

Two molecules of an acetate or acid tartrate form the same 
amount. 

2KC 2 H 3 2 + 4 2 - K 2 CO s + 3 C0 2 + 3 H 2 0. 
2HKC 4 H 4 6 + 5 2 = K 2 CO, + 7 C0 2 + 5 H 2 0. 

Two molecules of a normal citrate form three of a car- 
bonate, 

2K.C.H.O, + 9 2 = 3 K 2 CO s + 9 C0 2 + 5 H 2 0. 

It will not be necessary to burn off all the carbon to form 
the carbonate — that is to heat long enough to leave a per- 
fectly white residue. If the organic salt is at first in solution 
a measured amount must be evaporated to dryness, then the 
solid must be heated in a platinum or porcelain crucible, 
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gently at first, to avoid loss, then until the mass is com- 
pletely carbonized, which will require a red heat. If the 
compound is a solid, a weighed quantity (one to two 
grammes) should be treated in the same way. After cool- 
ing the carbonate will dissolve easily in hot water. It 
should be filtered and the carbon washed with small amounts 
of hot water until it is no longer alkaline. The weight of 
carbonate can be determined by titration and, knowing the 
number of molecules of the organic salt from which one of 
the carbonate is derived together with their relative molec- 
ular weights, the weight of the original salt is readily cal- 
culated. 

Practical Exercises in Alkalimetry. 

1. Using normal hydrochloric acid for the standard de- 
termine the strength of an unknown solution of ammonium 
hydrate with cochineal or rosolic acid as indicator; of 
borax with lacmoid as an indicator. 

2. Prepare a normal solution of sodium hydrate by the 
method outlined on page 167. 

3. Ignite thoroughly in a platinum or porcelain capsule 
a weighed amount of acid potassium tartrate, extract with 
hot water, titrate the filtrate, using normal hydrochloric 
acid and methyl orange, and from calculated result form 
an opinion as to the purity of the tartrate. 

4. Evaporate to dryness in a porcelain capsule 10 cc. 
of a strong solution of sodium acetate, ignite, titrate the 
soluble part and calculate the strength of the solution. 

Among the other compounds of which the amounts can 
be found by alkalimetry are the hydrates and carbonates 
of the alkali metals, the hydrates of the alkaline earths, 
the tartrates of sodium and potassium, the acetate of potas- 
sium, the citrates of potassium and lithium, the benzoates 
of lithium and sodium, and the salicylates of lithium and 
sodium. 
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CHAPTER III. ANALYSIS BY OXIDATION (OR 
OXIDIMETRY), AND BY REDUCTION. 

The method is based upon the fact that certain com- 
pounds have the power of oxidizing definite amounts of 
other compounds when in solution. In some cases the 
end of the reaction is indicated by a change in the color 
of the standard ; in others indicators are added. The re- 
sults obtained are very accurate. The most common oxi- 
dizing agents used for the standard solutions are potassium 
permanganate, KMn0 4 ; potassium dichromate, K 2 Cr 2 7 , 
and iodin. 

The Preparation and Properties of Standard Oxidizing 

Solutions. 

Potassium -permanganate , KMn 4 , can be obtained pure 
in the crystalline form, though it is so often impure that 
the strength of the solution should be tested after making by 
titrating against a standard. The crystals dissolve to an in- 
tensely reddish-purple solution. The molecular weight of 
the substance is 156.97. As stated before (page 162) when 
it acts as an oxidizing agent two molecules yield five atoms 
of oxygen. The combined valences of the five atoms of 
oxygen given by this double molecule is ten. Therefore a 
normal solution would contain one-tenth the double molec- 
ular weight of the salt in a liter or 31.39 grammes. The 
decinormal solution containing 3.139 is more commonly 
employed. This solution is likely to undergo slight decom- 
position on standing, although it will maintain its strength 
for several weeks. Unless freshly prepared it should 
be standardized before the solution is used, in the same 
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manner as in the original preparation. Organic matter 
produces changes in the solution which should there- 
fore not be brought into contact with rubber. A pour- 
ing burette or one with a glass stop-cock is suitable for its 
measurement. When the permanganate gives up its oxy- 
gen, providing a free mineral acid is present, the purple 
color disappears as a result of the formation of the color- 
less manganese salt of the acid. This decolorization indi- 
cates the completion of the reaction. An indicator is 
therefore unnecessary. If the crystals are known to be 
pure the weighed amount can be dissolved in a liter of 
water. In case of doubt as to their purity about 3.5 
grammes should be so dissolved, the strength of the solution 
ascertained by one of the following methods and the 
proper volume of water added to reduce it to its desired 
strength. 

The substances most commonly used to ascertain the 
strength of a permanganate solution are oxalic acid, am- 
monium ferrous sulphate, and metallic iron. 

A decinormal solution of oxalic acid can be taken as 
the standard. The reaction is 

2KMn0 4 + 5HAO4 + 3 H 2 S0 4 

= K 2 S0 4 + 2MnS0 4 + ioC0 2 + 8H 2 0. 

The 10 cc. of the oxalic acid is measured with a pipette 
and after acidifying with dilute sulphuric acid, is placed in 
a flask or beaker and the mixture warmed to about 6o°. 
Then the permanganate solution is allowed to run in. At 
first the color disappears slowly but afterwards more 
rapidly. If it turns brown the amount of sulphuric acid is 
insufficient. The permanganate should be added cautiously 
to avoid an excess, stopping when the pink color is perma- 
nent. From the average of several determinations calculate 
the strength of the permanganate solution, remembering 
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that if it were decinormal exactly 10 cc. would be reduced 
by the oxalic acid. Find the volume of water which will, 
if added, produce the decinormal solution, as in the prepa- 
ration of standard solutions of sodium hydrate (page 167) 
or hydrochloric acid (page 169). After dilution test again 
to see if the strength is correct. It is well in this second 
test to make use of another standard solution such as one 
of decinormal ferrous ammonium sulphate. 

Ferrous ammonium sulphate, (NH 4 ) 2 Fe(S0 4 ) 2 , 6H 2 0, can 
be obtained pure in the form of greenish crystals. For 
this purpose they must not have lost any of their water by 
efflorescence or be at all brown in color, which indicates 
that the iron is changing to the ferric form. A deci- 
normal solution containing 38.34 grams to the liter should 
be used with sulphuric acid in the same manner as in 
the titration by oxalic acid. The reaction is 

io(NH 4 ) 2 Fe(S0 4 ) 2 6H 2 + 2KMn0 4 + 8H 2 S0 4 = K 2 S0 4 
+ io(NH 4 ) 2 S0 4 + 2MnS0 4 + 5Fe 2 (S0 4 ) 3 + i 4 H 2 0. 

Here as before one cubic centimeter of the iron solution 
should decolorize exactly one of the decinormal potassium 
permanganate. 

If metallic iron is the standard about 0.1 grm. of the 
purest piano wire, accurately weighed, should be dissolved 
in a flask by means of dilute sulphuric acid. Access of 
air can be prevented by a Bunsen valve made of a short 
piece of slit rubber tubing slipped over the exit tube and 
closed at the upper end, which allows the hydrogen to 
escape. When the wire has dissolved, the solution can be 
diluted with recently boiled water and immediately titrated 
with the permanganate. The reaction is similar to that 
with the ammonium ferrous sulphate because the iron in 
dissolving forms ferrous sulphate, FeS0 4 . Since all iron 
contains carbon allowance must be made for this. If it 
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has not been determined in the sample which was used, 
the wire may be estimated at 99.6 per cent. pure. 

Of iodin the decinormal solution is used. This contains 
12.59 g rms > m the liter. It can be made by dissolving 
about 18 grms. of pure potassium iodid 
in 200-300 cc. of water in a liter flask, 
adding 12.59 grms. of chemically pure 
iodin and when this has dissolved, filling 
to the mark with water. If pure iodin 
cannot be obtained somewhat more than 
this amount may be dissolved and the 
strength of the. solution be ascertained by 
titrating with a standard solution of so- 
dium thiosulphate (hyposulphite) in the 
manner described below. The iodin so- 
lution should be kept in a cool, dark 
place, but even then it does not maintain 
its strength, so that unless it has been 
recently prepared it should be standard- 
ized before using. 

The oxidizing action of the iodin is an 
indirect one. It unites with the hydrogen Flask fitted with 
of the water present, leaving the oxygen Bunsen valve which 
free to combine with oxidizable substan- allows the gas to es- 

m,. . .,., , , j , . A . cape from within but 

ces. 1 his is illustrated by its action on . ,. 

J # prevents the access 

sodium sulphite or arsenous oxid. of air. 

Na 2 SO a + I 2 + H 2 = 2HI + Na 2 S0 4 . 
As 2 O s + 2l 2 + 2H 2 = 4 HI + As 2 6 . 

Although solutions of free iodin have a color and most 
solutions of its compounds do not, the distinction is not 
great enough to accurately mark the end reaction. There- 
fore a few drops of a boiled starch solution are added as 
an indicator. This gives a deep blue color as long as any 
16 
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free iodin is present and is colorless when the iodin is in 
combination with other elements. 

Decinortnal potassium dichr ornate , K 2 Cr 2 O v which is 
often used in oxidimetry, contains 4.87 grms. in a liter. 
The crystallized salt can be obtained in a pure state and 
the solution may be made by drying the salt at ioo°, then 
dissolving this weight in water and diluting to a liter. The 
solution is much more permanent than that of potassium 
permanganate or iodin and is not affected by contact with 
rubber. An indicator must be used with it in the volu- 
metric tests of ferrous compounds and this lessens its con- 
venience. When the dichromate is used as an oxidizing 
agent it loses three atoms of oxygen. It is for this reason 
that its decinormal solution contains one sixtieth of its 
molecular weight in grammes per liter (page 162). The 
sulphuric acid combines with the potassium and chromium 
forming the sulphates of these metals. Thus 

K 2 Cr 8 7 + 4 H a S0 4 = K 2 S0 4 + Cr 2 (S0 4 ) 3 + 4 H 2 + O s . 

The principal use of the dichromate solution in volumetric 
analysis is in the quantitative determination of iron and its 
ferrous compounds. If a ferrous compound is present with 
an acid the oxygen unites with the hydrogen of the latter, 
and the acid radical combines with the iron, changing it to 
the ferric state. 

6FeS0 4 + 3 H 2 S0 4 + O a = 3 H 2 + 3Fe 2 (S0 4 ) 3 . 

Analysis by Reduction. 

This is the opposite of oxidimetry. Soluble reducing 
agents, or deoxidizers will remove oxygen from many of 
its compounds when in solution and if the end of this 
reducing action is definitely marked they may often be 
employed in the preparation of standard volumetric solu- 
tions. Oxalic acid and sodium thiosulphate are very com- 
monly used. The former has already been discussed. 
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Sodium thiosulfhate, JVa 2 S 2 O s , $H 2 0^ contains in a liter 
of the decinormal solution 24.63 grms. of the crystal- 
lized salt. The solution can be prepared by dissolving in 
water this weight of the pure crystals which have been 
dried by pressing in blotting paper after pulverizing, then 
diluting to a liter. The solution should be kept in the dark. 
It even then decomposes slowly, however, so that old solu- 
tions can not be depended upon. Sodium thiosulphate is 
principally used in volumetric analysis in the determination 
of free iodin. This includes the determination of other 
substances like bromin and chlorin, one atom of either of 
which sets free one atom of iodin from an iodid. If, there- 
fore, to a solution of free bromin or chlorin a little potas- 
sium iodid is added, the bromin or chlorin frees the iodin. 
The amount of iodin indicates that of bromin or chlorin. 

Practical Exercises in Analysis by Oxidation and Reduction. 

1. From the normal solution of oxalic acid previously 
prepared make a decinormal solution by diluting- one vol- 
ume with nine of water. By the aid of this standardize a 
decinormal solution of potassium permanganate by the 
method described on page 174. 

2. With the decinormal permanganate make a deter- 
mination of the amount of iron in a solution of ferrous 
sulphate, calculating the weight of Fe and FeS0 4 present. 

3. By the aid of a decinormal solution of potassium 
dichromate (made by the directions given) make a titration 
of the same ferrous solution. Determine the end of the 
reaction by removing a small drop of the solution on the 
end of a glass rod and with this stirring a drop of # dilute, 
freshly prepared solution of potassium ferricyanid as an 
indicator. As long as there remains any of the unoxi- 
dized iron a blue color will result. When a sufficient 
dichromate is present only a brownish-yellow appears. 
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The tests are most conveniently made by placing a num- 
ber of drops of the indicator on a porcelain plate and touch- 
ing these with the stirring rod after the addition of each 
portion of the dichromate. The results obtained by this 
method should agree with those by the permanganate. 
They thus serve to confirm the correctness of the dichro- 
mate solution as well as of the accuracy of the determina- 
tion of the amount of iron. 

4. Use the decinormal permanganate to determine the 
strength of a solution of hydrogen peroxid (dioxid). The 
reaction is sH 2 2 +2KMn0 4 +3H 2 S0 4 =K 2 S0 4 +2MnS0 4 
+ 8H 2 0+50 2 . Measure into a beaker one cubic centi- 
meter of the peroxid by means of a pipette and dilute with 
10 to 20 times its volume of water acidified with H 2 S0 4 . 
From a burette add the permanganate slowly until there is 
a permanent pink color. (In the U. S. P. process 10 cc. 
of the peroxid are diluted to 100 cc, and 17 cc. of this is 
titrated. The Pharmacopoeia requires it to decolorize 30 
cc. of the decinormal permanganate. This corresponds 
to a 3 per cent, solution by weight.) Calculate the percen- 
tage strength of the hydrogen peroxid solution by weight. 

Instead of being expressed by weight the strength of the 
hydrogen peroxid is more often referred to the volume 
of oxygen which it will evolve when decomposed by heat- 
ing. One atom is thus set free from each molecule, or one- 
half the amount that is given off when it is acted upon by 
potassium permanganate, as represented by the above equa- 
tion. For each two molecules of the permanganate which 
are decolorized, therefore, there are present five atoms of 
active oxygen in the peroxid. Consequently one cc. of 
the decinormal permanganate corresponds to 0.0008 grm. 
of such active oxygen. From the results obtained in the 
above determination of the strength of hydrogen peroxid 
by weight calculate its oxygen volume of active oxygen, 
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using 0.00143 grm. as the weight of one cubic centimeter 
of oxygen. 

5. Iron is determined quantitatively by permanganate or 
dichromate solutions, but only when it is in the ferrous 
form. Hence ferric compounds must be reduced to fer- 
rous before they are titrated. This can be effected by a 
number of reducing agents. Place in a flask fitted with a 
valve as described above (page 177) 10 cc. of a ferric so- 
lution, acidify with sulphuric acid and add a few small 
fragments of granulated zinc which is free from iron or in 
which the amount of iron is known (using then a definite 
weight of zinc). Let it dissolve completely when, if the 
iron is reduced, the liquid will be colorless with no yellow 
tint. Then titrate immediately with the decinormal per- 
manganate solution and, after the amount of iron has been 
found, calculate the weight and percentage of the ferric 
compound in the original solution. 

6. With the aid of a decinormal solution of sodium 
thiosulphate determine the strength of a solution of iodin, 
as follows : Into a measured volume of the iodin solution 
run, from a burette, the standard thiosulphate until the 
brown color has almost disappeared. Then add a few 
drops of a starch solution and continue the titration until 
the blue is just destroyed, leaving the liquid colorless. 
The reaction is then completed, the thiosulphate being 
converted into a sodium tetrathionate, 

2Na 2 S 2 3 + I 2 = 2NaI + Na 2 S 4 6 

7. Chlorin or bromin when brought into contact with 
potassium iodid liberates an equal number of atoms. In 
consequence of this action the strength of chlorin or bromin 
water is easily found. To 10 cc. of the solution add 
about half, a gramme of potassium iodid in crystals or solu- 
tion and titrate with starch as an indicator, as in the last 
operation. 
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8. In the same manner determine the amount of the 
calcium hypochlorite, CaOCl 2 , or sodium hypochlorite, 
NaOCl, or potassium hypochlorite, KOC1, from which 
the available chlorin is set free by acids. 

CaOCl 3 + 2HCI = CaCl 2 + H 2 + Cl 2 . 

2NaOCl + H 2 S0 4 = Na 2 SO, + H 2 + Cl 2 . 

Acidify a known volume with hydrochloric acid and 
after the addition of potassium iodid and starch, titrate with 
the thiosulphate as in the preceding exercises. 

The presence of chlorates lessens the accuracy of the 
last determinations. 

9. With starch as an indicator compare the strength of 
the decinormal thiosulphate (page 179) with the decinormal 
iodin solution (page 177) to prove that both are correct. 

10. When a ferric salt is warmed with potassium iodid 
it is changed to the ferrous state, one atom of iodin being 
set free for each atom of iron. 

FeCl 3 + KI = FeCl 2 + KC1 + I. 

The quantitative method of determining ferric compounds 
based upon this reaction is carried out in the following 
manner. 

To 10 cc. of the ferric solution add about a gramme of 
potassium iodid and 2 cc. of hydrochloric acid. By the 
above reaction the iodid is slowly set free. The mixture 
should be placed in a 100-cc. glass-stoppered bottle and 
the whole warmed in water two hours at 40 . The tem- 
perature should not be allowed to exceed this nor the stopper 
be removed because of danger of loss of iodin through 
volatilization. Cool, and after the addition of a few drops 
of starch solution, titrate with decinormal sodium thiosul- 
phate. Calculate the amount of the ferric salt, reckoning 
one atom of iron for each one of free iodin. 
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1 1 . Prepare a decinormal solution of iodin by weighing 
(page 177) or take a larger amount than is necessary, dis- 
solve in the same manner, determine its strength by titra- 
tion and dilute to the standard. 

12. With the standard iodin solution make a determina- 
tion of a solution of arsenous acid, H 3 AsO a , or an arse- 
nite, like potassium arsenite, K 3 AsO a . In the case of the 
arsenous acid pure sodium or potassium bicarbonate must 
be present, to neutralize the hydriodic acid formed in the 
titration. Five to ten times as much of this should be used 
as the estimated weight of the arsenous acid. The titra- 
tion is carried out as before until the starch indicator is 
colored a faint blue. A gentle heat may be used to aid in 
the solution of the bicarbonate but it cannot be heated high 
enough to decompose the bicarbonate as the carbonate thus 
produced would interfere with the action of the indicator. 
If a free alkali other than a bicarbonate is present it must 
be neutralized by hydrochloric acid and any acids must be 
neutralized with a bicarbonate before titration. The re- 
action between the iodin and arsenite is similar to that with 
the arsenous oxid already referred to. 

2K 3 As0 3 + 2l 2 + 2H 2 = 2K 3 As0 4 + 4HI. 
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CHAPTER IV. ANALYSIS BY PRECIPITATION. 

Here the standard solution converts the compound of 
which the amount is sought, or some constituent of it into 
an insoluble form, thus producing a precipitate. Know- 
ing the amount of the standard necessary to effect this re- 
sult the weight of the precipitate or of the substance from 
which it is derived can be calculated. As the point where 
precipitation is complete is, in almost all cases, indistinct, 
indicators are usually required in this class of analysis. 
These are such compounds as will not be acted upon by the 
standard until the compound under investigation has been 
completely transformed and which will then react with the 
excess of the standard solution producing a color or some 
other visible change. 

' Precipitation is also often used in combination with other 
methods of volumetric determination. Thus soluble com- 
pounds of barium, strontium and calcium can be precipi- 
tated as neutral carbonates by ammonia and ammonium 
carbonate. If these precipitates are washed and suspended 
in water they can be titrated by solutions of the normal 
acids, their amount being calculated from the volume of 
acid necessary to produce an acid reaction. The equa- 
tions representing the chemical change occurring during 
their solution may be represented by the following : 

CaCO s + 2HCI = CaCl 2 + H 2 + C0 2 . 

The Preparation and Properties of Standard Solutions Used 

in Analysis by Precipitation. 

Decinormal Silver Nitrate^ AgNO r — As the crystals 
can usually be obtained in the pure state this can be made 
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by dissolving 16.87 grms. in sufficient water to make the 
volume of the solution one liter. Or a somewhat greater 
weight may be dissolved, if the purity is doubtful, and the 
strength ascertained by titration against decinormal sodium 
chlorid. Instead of the sodium chlorid decinormal hydro- 
chloric acid can be used. In the latter case after the 
amount to be used has been accurately measured by a pi- 
pette it must be carefully neutralized with sodium carbonate 
before the titration, avoiding an excess of the carbonate. 
The value of the silver nitrate in analysis by precipitation 
is that it forms insoluble compounds with the chlorids, 
bromids, iodids and cyanids. The indicator is generally 
normal (yellow) potassium chromate. This forms an in- 
soluble, dark-red, silver chromate with the silver nitrate, 
but not until the above-mentioned compounds have been 
precipitated, if they are present in the solution. The end 
reaction is most clearly seen if instead of daylight a yellow 
light, like that of gas, is used, the titration being conducted 
in a rather dark place. 

The silver nitrate solution is decomposed by the action of 
light and by organic matter. It should therefore be pre- 
served in an amber-colored bottle or in a dark place. It 
should be protected from dust and not be used in burettes 
which have rubber-tubing connections. 

Decinormal Potassium Sutyhocyanate^ KSCN> contains 
in a liter 9.65 grms. of the salt. It cannot well be prepared 
by weighing the solid, since it is deliquescent. About 10 
grammes of this should be dissolved in a liter of water and 
10 cc. of decinormal silver nitrate titrated with the solution 
after acidifying with 5 cc. of dilute nitric acid. The reac- 
tion is shown by the following equation : 

WVgN0 3 + KSCN = AgSCN + KN0 3 . 
About ten drops of a solution of ammonium ferric sul- 
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phate (iron alum) is to be added for an indicator. The 
silver sulphocyanate is precipitated first, giving the liquid 
a milky appearance. When all the silver has been con- 
verted into this compound the sulphocyanate acts on the in- 
dicator producing red ferric sulphocyanate which indicates 
the end reaction. With a solution prepared in this way - 
less than 10 cc. of the sulphocyanate should at first precipi- 
tate 10 cc. of the decinormal silver nitrate. The amount 
of water which must be added to dilute it to a strength 
corresponding to that of the silver solution can be calcu- 
lated as in the preparation of standard solutions of sodium 
hydrate and hydrochloric acid. When this has been added 
it should be tested again in the same manner to ascertain 
its correctness. This sulphocyanate solution may be used 
for the estimation of silver, even in the presence of many 
other dissolved metals, since most of these are unaffected 
by the reagent. It can also be employed in connection 
with decinormal silver nitrate to determine the amount of 
any substance which is completely precipitated by the latter 
compound. This includes all those mentioned as capable 
of being determined by standard silver nitrate. In this 
case the method is that of residual titration. It consists 
in adding to the solution a measured quantity of the deci- 
normal silver nitrate, greater than is sufficient to precipitate 
the compound, then titrating this with sulphocyanate to 
learn what the excess is. The difference in cubic centi- 
meters between the volumes of silver nitrate used and sul- 
phocyanate used shows the amount of standard silver solu- 
tion which is taken up by the substance under investigation. 
From this its weight is obtained. The end reaction is 
rather easier to distinguish than when potassium chromate 
is the indicator. 

The standard solutions of silver nitrate and potassium 
sulphocyanate may be employed in the estimation of any 
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compounds of the metals which can be converted easily 
and without loss into chlorids. This can be done with the 
carbonates, hydrates, oxids and nitrates of potassium, 
sodium, ammonium, calcium, strontium, barium, magne- 
sium and some other metals, by the action of hydrochloric 
acid ; also with the chlorates, which by ignition set free 
oxygen and are changed to chlorids. Carbonates may be 
decomposed with the evolution of carbon dioxid and nitrates 
with a setting free of nitric acid. This is accomplished 
by adding to a weighed or measured amount of the sub- 
stance under investigation an excess of the acid (after 
evaporation to dryness in case of solutions) using the con- 
centrated acid with nitrates. The excess of the acid, that 
is the part which has not united with the metal to form 
chlorids, must be completely driven off by first evaporat- 
ing to dryness on a steam-bath, then heating in an air-bath 
at 120 until a piece of blue litmus paper laid across the 
dish is no longer reddened. The chlorid is then dissolved 
in water and this solution titrated as before, using a known 
fraction of the liquid and making duplicate determinations. 
After the determination of the chlorin the weight of the 
metal, and hence the original compound, can be calculated. 

Practical Exercises in Analysis by Precipitation. 

1. Prepare decinormal silver nitrate by one of the 
methods given above. 

2. With this solution determine the percentage strength 
of a solution of sodium chlorid. Use only enough of the 
potassium chromate to make the solution slightly yellow, 
which will take but a few drops. With a larger quantity 
it becomes more difficult to tell when the silver chromate 
commences to be permanent. Make the titration by yel- 
low light or gas light if convenient (not that of an incan- 
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descent burner, however). One molecule of silver nitrate 
precipitates one of the chlorid. 

AgN0 3 + NaCl = AgCl + NaNO s . 

3. In the same manner determine the strength of a so- 
lution of potassium bromid. 

4. Potassium cyanid upon the addition of silver nitrate 
forms at first no precipitate but the soluble double cyanid, 
KCN, AgCN. 

AgNO a + 2KCN = KCN, AgCN + KNO a . 

When, by this means, all the potassium cyanid has been 
thus changed any excess of silver nitrate decomposes the 
double salt and a precipitate appears. This reaction can 
be made use of as a quantitative method. Into 10 cc. of 
the potassium cyanid solution run from the burette deci- 
normal silver nitrate, stirring continually. The equation 
above shows that as soon as a permanent precipitate ap- 
pears, for each molecule of the silver nitrate used two of 
the cyanid have entered into reaction. 1 cc. of decinorhial 
silver nitrate accordingly corresponds here to 0.0129 grm. of 
potassium cyanid, that is, twice as much as in correspond- 
ing reactions between other salts and silver nitrate, because 
of the formation of the double salt. In this method no indi- 
cator is necessary. Ascertain by it the percentage strength 
of a solution of the cyanid. 

5 . With hydrocyanic acid silver nitrate gives the follow- 
ing reaction : 

AgNO s + HCN = AgCN + HN0 3 . 

The nitric acid thus formed would interfere with the 
titration and must be neutralized. This can be done by 
stirring into the hydrocyanic acid that is to be titrated, after 
measuring, enough of an aqueous suspension of magnesia 
to give an alkaline, milky mixture. Then add a few drops 
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of potassium chromate and the standard silver nitrate until 
the red silver chromate does not disappear after stirring. 
Avoid inhaling the vapor of hydrocyanic acid ! It should 
not be drawn into the pipette with the mouth. It is better 
to weigh the original portion than to attempt to measure it. 

6. Prepare a decinormal solution of potassium sulpho- 
cyanate after the method outlined above (p. 185). 

With the standard solutions of silver nitrate and sulpho- 
cyanate ascertain the strength of a solution of ammonium 
chlorid by the method of residual titration. To 10 c.c. of 
the chlorid solution add 5 cc. of the ammonium ferric sul- 
phate indicator and 5 cc. of dilute nitric acid. From a 
burette run in a few drops of decinormal potassium sulpho- 
cyanate, then, from another burette, enough decinormal 
silver nitrate to make the color of the liquid a pure white. 
If sufficient has been used another addition of the sulpho- 
cyanate will give no red color. If it does, continue adding 
the silver solution until this condition is attained. The 
chlorin is then all precipitated as well as the whole of the 
sulphocyanate and there is present an excess of silver ni- 
trate. Now allow the sulphocyanate solution to flow in 
slowly from the burette with constant stirring until the red 
color, which disappears at first, is permanent. This indi- 
cates that both the chlorid and sulphocyanate are exactly 
precipitated. The difference between the volumes of silver 
nitrate and potassium sulphocyanate used gives the amount 
of decinormal silver solution which was required to precipi- 
tate the chlorin. From this the weight of the latter can 
be calculated. This is known as Volhard's method. 

7. Determine the strength of a calcium chlorid solution 
by making it alkaline with ammonium hydrate, then add- 
ing'ammonium carbonate as long as precipitation occurs and 
heating to boiling for a few minutes. Filter and wash 
with hot water until the wash-water is no longer alkaline. 
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Then place the precipitate with the paper in a beaker with 
a small quantity of water. With methyl-orange as an in- 
dicator, titrate the liquid with normal hydrochloric acid 
until it changes to a permanent pink (af id) color. Calcu- 
late the percentage of the calcium salt in solution. 

8. Mercuric chlorid when poured into a solution of 
potassium iodid forms a red precipitate (97). This dis- 
solves, as it is stirred, as long as no more than one molecule 
of mercuric chlorid is present for four of potassium iodid. 
When there is more than this the red precipitate is per- 
manent. The mercuric solution must be poured into the 
iodid and not the opposite. By this means the metal or 
any mercury compound can be quantitatively determined 
provided it can be first converted into mercuric chlorid. A 
decinormal solution of potassium iodid, made by dissolving 
the weighed crystals in water, may be used as the standard 
and one-fourth the molecular weight of mercuric chlorid 
reckoned as present for each molecule of the iodid neces- 
sary to obtain the permanent precipitate. 

9. Make a determination of the amount of ammonium 
nitrate in a solution of this salt which also contains am- 
monium sulphate, using the method given above (page 187) 
of converting the nitrate into a chlorid. 

10. Neutral soluble salts of which the bases can be 
completely precipitated by sodium carbonate can also be 
estimated by the use of a standard solution of the latter, 
the reaction being of the following type. 

BaCl 2 + Na 2 C0 3 = BaC0 3 + 2NaCl, 

both the barium carbonate and sodium chlorid resulting 
being neutral. When the reaction of the liquid changes to 
alkaline it indicates that the barium has been precipitated. 
Salts of barium, strontium and calcium can be quantita- 
tively determined thus. To ensure the certainty that they 
are fully precipitated the liquid must be heated to boiling. 
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Find the strength of a solution of barium nitrate, 
Ba(N0 3 ) 2 , by first making it exactly neutral, then, after 
the addition of a few drops of phenolphthalein solution, 
titrating with normal sodium carbonate while the barium 
solution is at the boiling point. 

Questions for Further Study in Volumetric Analysis. 

What is the relation of the cubic centimeter to the 
gramme? Of the gramme to the liter? How many 
grammes in a liter of water? Is this the same for all 
liquids? What is the best method of preparing standard 
solutions from very hygroscopic or efflorescent compounds? 
What are some of the most commonly used reagents of 
these classes ? If a compound containing water of crystal- 
lization is to be weighed to make up such a solution how can 
it be determined whether the theoretical amount of water is 
present or not? What would be the best method for pre- 
paring a standard solution of ammonium hydrate? Since 
both the standard sodium hydrate and sodium carbonate 
have an alkaline reaction and will neutralize acids why is 
it important to prevent the conversion of the former to the 
latter by carbon dioxid? Why cannot standard acids like 
hydrochloric, sulphuric and nitric be prepared by accu- 
rately weighing the pure concentrated acid and diluting 
this with a known weight of water? Which ones of the 
common standard solutions are stable, retaining their 
strength, and which must be standardized at each time of 
using? What is the nature of the blue compound formed 
by starch and iodin and what would be the effect of heat- 
ing the liquid which contains it? Do standard solutions 
of reducing agents keep their strength permanently or 
not? Why? Are those of oxidizing agents more or less 
permanent? Under what conditions are both best pre- 
served? Why is ferrous ammonium sulphate selected for 
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the standard solution of iron instead of crystallized ferrous 
sulphate? Given 10 grammes of dry, pure, sodium car- 
bonate and the necessary measuring flasks, pipettes, etc., 
how can decinormal solutions of silver nitrate be prepared 
without further use of the balance ? of potassium perman- 
ganate? of sodium hydrate? Starting in the same manner 
from 10 grammes of pure crystallized oxalic acid how is it 
possible to prepare standard solutions of hydrochloric acid ? 
of ferrous sulphate ? of silver nitrate ? 



PART III. 



APPLIED ANALYSIS. 



CHAPTER I. THE SANITARY EXAMINATION 

OF WATER. 

All natural waters, whether known as well, spring, 
river or cistern water, have been precipitated to the earth 
as rain and before they can be used have been brought into 
contact with so many soluble substances that they are never 
chemically pure. The purest form is rain water, but this 
contains in solution the gases of the atmosphere and often 
in addition small particles which floated in the air in the 
form of dust. If it has passed through or over the soil it 
contains more or less of the mineral, vegetable or animal 
compounds with which it has been in contafct. The dis- 
solved gases are in general harmless and usually im- 
prove the taste of the water which without them is said to 
be flat or insipid. Of the other two classes of impurities — 
the mineral and organic — the mineral are by far the less 
objectionable. Unless they are present in large quantities 
they produce little physiological effect. If the amount is 
sufficiently great to affect the system the water is classed 
with the mineral waters which are so often used on account 
of their therapeutic value. Calcium and magnesium salts 
(principally the carbonate and sulphate) give to water the 
property commonly called " hardness," that is, it does not 
dissolve soap, and consequently does not have the soft 
feeling that is characteristic of soapy water. It is also im- 
17 193 



194 INTRODUCTION TO CHEMICAL ANALYSIS. 

possible to produce a permanent foam or lather with such 
hard water by shaking it with soap solution unless a large 
amount of the latter is added. Considerable quantities of 
mineral matters are objectionable where the water is to be 
used for making steam as it sometimes deposits as " boiler 
scale '" and sometimes attacks the iron of the boiler. Com- 
pounds of lead, copper or zinc should condemn a water 
since they are poisonous, but they are rarely found in it. 
Sodium chlorid is a valuable indication of the pollution of 
water. It is found in soils where this has not occurred 
but then, as a rule, only in very small quantities. The 
normal amount in any locality can be determined by 
testing the water from a number of sources in the region, 
this being practically a constant. As salt is always present 
abundantly in animal excreta and as it is soluble it will be 
taken up by any water that may come in contact with it. 

Organic matter, vegetable or animal, in water, may be 
considered dangerous, and when abundant should forbid 
its use for drinking. Unfortunately the term organic mat- 
ter does not mean one chemical compound but rather a 
complex mixture of varying nature so that its identification 
is often a matter of some difficulty. This is especially true 
of the distinction between vegetable and animal substances, 
which are composed of the same elements and contain 
similar compounds. They, therefore, respond to the same 
test in many cases. They are, moreover, when contained 
in water, in a state of decomposition, becoming converted 
into other compounds. Thus the nitrogen, which is one of 
the characteristic elements of this mixed organic matter, 
appears after bacterial disintegration, first in ammonia, 
then it nitrites and lastly in nitrates. Since neither of the 
three last are found in soil or air, except in traces, these 
may be assumed to indicate that the water contains, or has 
at some time contained, vegetable or animal matter. 
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Non-living organic matter in water may have deleterious 
effects upon the animal system from its own action or that 
of its decomposition products, or it may serve as food for 
microorganisms of which the pathogenic bacteria are the 
most important. These are thrown off in the excreta from 
many infectious diseases like typhoid and can live a long 
time in water and communicate the disease by this means. 
Because of its frequent association with such organisms 
water which is contaminated with animal matter is regarded 
as more dangerous than that which contains a similar 
amount of vegetable products. Vegetable and animal sub- 
stances remain if water is evaporated and when more 
highly heated they are discolored and blackened, often 
giving rise to offensive or characteristic odors. They are 
oxidized by potassium permanganate in the presence of 
sulphuric acid while they are in solution, the permanganate 
being at the same time decolorized. If the water has been 
proved free from nitrites or ferrous compounds, the action 
of which is the same, this may be considered a test for the 
presence of organic substances. 

Qualitative Tests. 
Calcium and Magnesium. 

429. Make 50 cc. 1 of water alkaline with ammonium 
hydrate. If there is a precipitate of iron or aluminum re- 
move it by filtration ; otherwise to the liquid add ammonium 
chlorid and ammonium oxalate. A fine white precipitate 
of calcium oxalate forms slowly if but little calcium is 
present. If the precipitate is more than is obtained in the 
test for sulphates it indicates that a part of the calcium is 
probably in the form of a carbonate. Let it settle in a 

1 The volumes of water directed to be used in tests may often be in- 
creased if the supply is large, thereby making the results more accurate. 
Except in quantitative tests they need not be accurately measured. 
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warm place, then decant or filter and test the filtrate for 
magnesium by the addition of sodium phosphate. A white 
crystalline precipitate of ammonium magnesium phosphate 
appears. 

Iron. 

Examination should be made for both the ferrous and 
the ferric forms. 

430. To detect ferrous compounds add a few drops of a 
dilute solution of potassium ferricyanid and acidify with 
hydrochloric acid. A .blue color is produced. The re- 
agent does not react in this manner with ferric salts. The 
ferric compounds may be shown to be present, after acidi- 
fying with hydrochloric acid, by the production of a red or 
pink color by the use of potassium sulphocyanate which 
remains colorless with ferrous iron. 

Poisonous Metals. 

431. Lead is the one which is most frequently suspected 
from its use in pipes, and occasionally it is desirable to test 
for copper or zinc. With any considerable quantity of the 
first two, hydrogen sulphid gives a brown or black color. 
It will usually be advisable before adding the sulphid to 
evaporate to about one-tenth of its bulk as much as a liter 
of water after acidifying with hydrochloric acid, and the 
use of hydrogen sulphid gas is here preferable to its solu- 
tion, to avoid dilution. If a black precipitate is obtained, 
it can be removed by filtration and identified by the method 
of Table IV. The zinc can be separated from the filtrate 
or, in absence of a precipitate with hydrogen sulphid, 
from the concentrated water by first making the liquid 
slightly alkaline with ammonium hydrate, then passing 
in hydrogen sulphid and warming. It forms white, 
voluminous zinc sulphid which may be identified by its 
reactions. 
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Ammonia. 

432. Ammonia does not occur in natural waters in suf- 
ficient abundance to render possible its detection by its 
odor or by litmus paper. Very minute quantities, how- 
ever, yield a yellow to brown color with Nessler's reagent. 
If the amount is considerable there is a brown precipitate, 
but in ordinary waters the liquid remains clear. The 
result is somewhat complicated by the presence of calcium 
and magnesium compounds as they are in part precipitated 
at the same time. The difficulty can be completely over- 
come by distilling a part of the water from a retort and 
condensing the steam. The pure ammonia is found in the 
distillate. 

In the detection of slight shades of color, or in estimat- 
ing their intensity, the desired result can be best attained 
by using a test-tube placed above a piece of white paper 
and looking down into the tube. 

Chlorin (Chlorids). 

433. Acidify 30 cc. of the water with nitric acid and add 
a few drops of a solution of silver nitrate. An opalescent 
or milky liquid is produced or, with large amounts of 
chlorin, a white precipitate of silver chlorid. This dis- 
solves in ammonium hydrate and is reprecipitated from this 
solution if it is acidified by nitric acid. Ordinarily there 
is too little chlorin to immediately give a precipitate. If 
this occurs the amount is excessive. 

Sulphates. 

434. Acidify 30 cc. of water with hydrochloric acid and 
add barium chlorid. Fine white barium sulphate pre- 
cipitates, settling slowly, and in very dilute solutions ap- 
pearing only after standing some minutes. It is insoluble 
in acids. 
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Nitrous Acid or Nitrites. 

435. In the absence of ferric compounds the following 
may be used but not if ferric salts are present. To 30 
cc. of water add two or three drops each of solutions of 
starch and potassium iodid, then acidify with about ten 
drops of dilute sulphuric acid. Nitrous acid sets iodin free 
which with the starch forms a blue color. 

Ferric salts do not interfere with the next two tests. 

436. Add to 30 cc. of water 1-2 cc. of dilute sulphuric 
acid and 1 cc. of a solution of meta-phenylen-diamin sul- 
phate, which latter must be colorless. The appearance of a 
yellow to brown color indicates the presence of nitrous acid. 

437. 20 cc. of water with 2 cc. of alpha-amido-naphtha- 
lene (napthylamin) acetate and 2 cc. of sulphanilic acid 
dissolved in acetic acid gives a pink or red color, varying 
with the amount of nitrites present. It should be allowed 
to stand five minutes to develop this fully. 

The last two tests are much more sensitive than the first, 
so much so that extreme care must be used that neither 
they nor the vessels which contain the water are contami- 
nated by nitrous acid from the atmosphere. The third 
test will detect one part of nitrous acid in one hundred mil- 
lion parts of water. On the other hand if the starch test 
is distinct, in the absence of iron compounds, it is probable 
that a considerable amount of nitrous acid is present. 

Nitric Acids or Nitrates. 

If nitrous acid has been found by the preceding tests it 
must be removed before examining for nitric acid as it will 
give most of the reactions for the latter. Evaporation of 
the water to dryness after the addition of a small pinch of 
ammonium chlorid decomposes the nitrites but not the 
nitrates. 

NaNO, + NH 4 C1 = NaCl + 2H 2 + N r 
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The evaporation can be performed in a porcelain dish. 
To avoid the possibility of overheating at the last, when 
it has been reduced to a small volume it should be placed 
upon a beaker of boiling water and heated thus until it is 
dry. The residue can then be dissolved in pure water' 
and the solution tested for nitrates. They will readily go 
into solution although some of the other solids may remain. 

438. To 30 cc. of water add enough indigo solution to 
impart a pale blue color, acidify with sulphuric acid and 
heat to boiling. If nitrates are present the blue color is 
discharged or diminished. 

439. In a porcelain dish containing 2-3 cc. of water 
place a small crystal of brucin, then add an equal volume 
of concentrated sulphuric acid, stirring gently with a glass 
rod. A red color indicates nitric acid. 

440. In the same manner as in the last repeat the test 
using a small crystal of di-phenyl-amin instead of brucin. 
Nitric acid or its salts give a deep blue color. With one 
part in 100,000 it is seen immediately ; when twice as dilute 
it does not appear at once. 

The test with indigo is not nearly so sensitive as the two 
last but only responds when a considerable amount of 
nitrates are present. The concentrated sulphuric acid of 
the trade, even the so-called chemically pure, frequently 
contains nitric acid and should be proved to be pure pre- 
vious to using in all the above tests. If not so the nitric 
acid may be expelled by boiling for half an hour until it 
remains colorless when tested with diphenyl-amin. 

Hydrogen Sulphid. 

441. Acidify slightly 50 cc. to 100 cc. of water with 
sulphuric acid and boil for some time in a small flask in 
the neck of which is suspended a strip of white filter paper 
previously moistened with a solution of lead acetate. A 
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yellow or brown discoloration of the paper indicates hy- 
drogen sulphid. 

Organic Matter, Vegetable and Animal. 

Many of the organic compounds which are found in 
water are readily oxidized, even when dissolved, by such 
reagents as potassium permanganate. This loses its red 
color at the same time. A few inorganic substances have 
also the ability to decolorize permanganate, those which 
may be present in natural waters being sulphids, nitrites and 
ferrous compounds. If these are absent or in very small 
amounts, water which decolorizes more than a few drops 
of a permanganate solution may be considered to contain 
some form of organic matter. 

442. Acidify 50 cc. to 100 cc. of the water in a beaker 
or porcelain dish with 5-10 cc. of dilute sulphuric acid, 
heat to boiling, and while hot drop in the permanganate 
solution until a permanent pink tint remains. Compare 
the result with that obtained in the same manner from 
from a similar quantity of distilled water. 

In addition to the decomposition products already dis- 
cussed there are produced in water by bacterial processes 
small amounts of a number of compounds of which the 
most common are indol, phenol and their derivatives. 
Griess has proposed a method of detecting these by the 
intensely yellow color which, they yield with diazo com- 
pounds. They are very abundant in water which is pol- 
luted with decaying animal matter or animal excreta. 
They may, however, be formed by vegetable matter, their 
source being the proteid compounds which are found in 
both, but less abundantly in the latter. 

443. Make alkaline with sodium hydrate 25 cc. of water 
and add a few drops of a freshly prepared dilute solution 
of para-di-azo-benzene sulphonic acid. The liquid be- 
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comes yellow if the water contained decomposing animal 
matter or sometimes with large amounts of vegetable mat- 
ter. The reagent cannot be preserved in solution but must 
be dissolved only when it is to be used. With the alkali 
and distilled water there should be thus produced no color 
although this may occur if the sodium hydrate is impure. A 
test should therefore first be made with distilled water to 
ascertain the purity of the reagents. 

Quantitative Determinations. 

Total Solids. 

The amount of solid matter dissolved in a water is some- 
times of importance. This can be ascertained by evap- 
orating to dryness on a steam-bath a definite volume in a 
weighed dish and, after cooling, weighing the dish with 
the residue. With a sensitive balance ioo cc. of water is 
enough in most cases but, if the balance will not weigh to 
a milligramme, more may be taken. A large amount of 
dissolved solids is indicative of contamination although not 
conclusive. Mineral waters are, of course, an exception. 
The nature of the residue is indicated if it is more strongly 
heated after weighing. This is best done in a platinum 
dish but may be accomplished in one of thin porcelain. 
Much organic matter will turn brown or black and may 
give a more or less characteristic odor. Mineral sub- 
stances are not discolored with the exception of iron which 
may be brown. After the organic matter has burned off 
they can be dissolved in hydrochloric acid (except silica) 
and identified by their qualitative reactions. 

Ammonia. 

The exact determination of ammonia is effected by dis- 
tilling it from a large volume of water in a retort. The con- 
18 
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densed steam contains the ammonia. By comparing the 
color produced in it by'Nessler's reagent with that ob- 
tained by the same reagent in pure water to which has 
been added a known weight of ammonia, its amount can 
be estimated. The process requires special apparatus as 
well as a considerable skill in manipulation. 

Chlorin. 

444. To determine the quantity of chlorin use a standard 
solution of silver nitrate with normal potassium chromate 
for the indicator as described on page 185. For con- 
venience in calculating results instead of the usual strength 
the silver solution may be made to contain 4.79 grammes 
of silver nitrate per liter. One cubic centimeter of this will 
precipitate one milligramme of chlorin. Of ordinary well 
water 100 cc. may be used. In this case each cubic centi- 
meter of the silver solution necessary indicates one part of 
chlorin in 100,000 of water. With water of great purity it 
may be necessary to concentrate a larger volume, such as 
a liter, before titrating. 

Nitrites. 

When solutions of nitrites are treated with sulphanilic 
acid and naphthylamin an intense rose-red color appears 
varying with the amount of nitrite present. By comparing 
it with a solution of nitrite of known strength it is not diffi- 
cult to judge the amount of the latter. 

The reagents used are : 

Sulphanilic acid^ 0.5 grm. dissolved in 150 cc. of 3-per- 
cent, acetic acid, and 

Naphthylamin — 0.1 grm. of the solid boiled with 20 cc. 
of water and filtered hot through a small filter, previously 
well washed to remove nitrites, then the filtrate diluted with 
180 cc. of 3 per cent, acetic acid. 

Standard sodium nitrite^ 0.049 grm. of pure sodium 



THE SANITARY EXAMINATION OF WATER. 203 

nitrite dissolved in one liter of water. 1 One cubic centi- 
meter of this contains o.oi milligramme of nitrogen. If it 
cannot be obtained pure in the dry state it can be made by 
dissolving the corresponding (molecular) weight of silver 
nitrite in a small volume of water and adding a solution of 
pure sodium chlorid as long as a precipitate forms, then 
diluting to the desired amount. It must be kept in the 
dark. The reagent bottles and all vessels used in the test 
must be rinsed with nitrite-free water. 

445. To exactly 10 cc. of the water in a test-tube add 
1 cc. each of the solutions of sulphanilic acid and naph- 
thylamin and let it stand five minutes. If it is pink, in 
another test-tube dilute i cc. of the standard nitrite solution 
to 10 cc. and test in the same manner. Dilute the darker 
of the two until equal volumes are the same shade and 
from the amount of dilution calculate the amount of nitrite 
in the water as compared with that of the standard, and 
from this, the absolute weight of N in nitrites in 10 cc. and 
in a liter. Reduce this to parts per million remembering 
that one milligramme per liter equals one part per million. 

Nitrates. 

These can be quantitatively determined by their action 
upon phenolsulphonic acid, which is changed into picric 
acid, the ammonium salt of which has an intensely yellow 
color. Besides a standard solution of a nitrate for com- 
parison but one other is needed. 

Phenolsulphonic acid is prepared by mixing 3 cc. of 
water with 6 grammes of pure phenol (" carbolic acid"), 
then adding 37 grammes of pure sulphuric acid. The 
solution keeps well. If it in time crystallizes it can be 
redissolved by warming gently. 

1 Since this would be difficult to weigh accurately it is better to dissolve 
0.49 grm. in ioo cc. and dilute 10 cc. of this to 1000 cc. before using. 
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Standard potassium nitrate can be made by dissolving 
of this salt 0.722 grm. in a liter of water. 1 cc. of this con- 
tains 0.0001 grm. of nitrogen or one part in ten million. 

446. Evaporate to dryness on a steam-bath a definite 
volume of the water — 25 to 100 cc. according to whether 
the qualitative test showed much or little nitrate present. 
To the residue add 1 cc. of phenolsulphonic acid and, after 
thoroughly mixing, 1 cc. of water and three drops of con- 
centrated sulphuric acid. The whole is warmed two or 
three minutes on a steam-bath. After cooling add 20 cc. 
of water and make alkaline with ammonia. Treat 1 cc. 
of the standard solution in the same manner and compare 
the colors in large test-tubes, diluting until they are the 
same and computing the amount of nitrogen in the nitrates 
in parts per million, as with nitrites above. In the whole 
process the water and sulphuric acid used must be known 
to be free from nitric acid and its salts, as discussed under 
the qualitative tests. 

Organic Matter. 

The amount of this can be only indirectly determined 
because of the variable nature of that which may be pres- 
ent. The degree of discoloration or charring, also the 
odor, of the heated residue after evaporation, may give 
some indication of it. Other methods are to determine the 
exact quantity of organic carbon or nitrogen in the water 
and to use them as measures of the vegetable and animal 
matter. Instead of these it is more convenient, and per- 
haps as accurate, to find the amount of oxidizable matter 
and, deducting the nitrites and ferrous compounds, also 
the sulphids, if they are present, to regard the remainder 
as organic. A suitable oxidizing agent for this purpose is 
a solution of potassium permanganate which readily gives 
up its oxygen in an acid liquid, becoming at the same time 
colorless. 
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447. A rough estimate can be made of the amount of 
oxidizable matter by acidifying 50 or 100 cc. of the water 
with 10 cc. of dilute sulphuric acid, heating to boiling, then 
counting the number of drops of centinormal potassium 
permanganate necessary to color the boiling liquid perma- 
nently pink. The reagent can be dropped slowly if the 
stopper is held loosely without removing it from the bottle. 
For comparison the same test may be tried on an equal 
volume of distilled or other pure water. 

448. For more accurate results a centinormal solution 
(0.395 grm. per liter) of potassium permanganate may be 
used with a corresponding one of oxalic acid, so that one 
cubic centimeter of the latter shall decolorize exactly one 
of the former. To 100 cc. of the water in a 250-cc. flask 
add 20 cc. of dilute sulphuric acid, then from a burette, 10 
cc. of the permanganate or enough to give a permanent 
red color to the water after it has been boiled 10 minutes. 
This should be accurately measured. When it has been 
boiled 10 minutes add from another burette a volume of 
centinormal oxalic acid equal to that of the permanganate 
used, when the red will disappear. Now drop in more 
permanganate from the first burette, while stirring, until a 
permanent pink color is produced. The volume of per- 
manganate last added corresponds to that destroyed by the 
oxidizable substance in the water. One cubic centimeter 
contains 0.1 milligramme of available oxygen, and the final 
results should be expressed in terms of this. 

Owing to the fact that there is a great variation in the 
ease of oxidation of different kinds of organic matter as 
well as in their content of carbon and nitrogen, the results 
obtained should be regarded as only approximate although 
they are often of great value in arriving at a conclusion 
as to the purity of the water. For the properties of the 
standard solutions of permanganate and oxalic acid refer- 
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ence should be made to their previous description under 
Oxidimetry. 

Interpretation of Results. 

Calcium, magnesium and iron are comparatively unim- 
portant in water from the sanitary standpoint although 
when excessive they greatly lessen its value for domestic 
purposes, the two first because they render it hard, and the 
last because it deposits as a brown ferric hydrate. They 
all more or less modify the taste. The sulphuric acid, as 
found in sulphates, if united with the calcium makes the 
water permanently "hard," that is, this compound is not 
precipitated by boiling, as is the carbonate. Small amounts 
of sulphates are otherwise not of much consequence. 
Considerable quantities of the sulphates of magnesium, and 
sodium cause the water to act as a laxative. 

It is only exceptionally that ammonia is absent from 
natural waters. It signifies that, probably by bacterial 
action, nitrogenous organic compounds, vegetable or 
animal, have been decomposed, the latter yielding more 
than the former. When nitrites are found, bacterial action 
upon these compounds is in progress, although the bacteria 
are not necessarily of the pathogenic varieties. Nitrates 
are the final products of such action, unless they are again 
reduced to nitrites. When found alone they indicate some 
past pollution by nitrogenous substance — animal or veg- 
etable. Chlorin occurs rather abundantly in the soil near 
the sea and in parts of the country where there are salt 
deposits or brines. It then loses much of its value as an 
indication of contamination. Since, however, water drawn 
from the same stratum in the same section has practically 
the same composition unless it is contaminated, a compar- 
ison of the amount of chlorin in the water of one well with 
that of surrounding ones will often show whether it is ex- 
cessive or not. Neglecting that of the soil, it is an evidence 
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that pollution has occurred from animal matter, probably 
sewage. This is of course pollution of the most dangerous 
kind, still if chlorin alone is found it may be that the ac- 
companying organic matter and bacteria have been filtered 
out by the soil, or oxidized by the air, and that the water 
will not communicate disease ; in other words it is an evi- 
dence of past contamination. Chlorin in itself has no 
poisonous action but its presence is suspicious. Hydrogen 
sulphid can be produced by the breaking down of organic 
sulphur compounds like the proteids, or by the action of 
decomposing organic matter on the sulphates, whereby the 
latter are reduced. Hence it usually shows that a con- 
siderable organic matter is or has been contained in the 
water. 

Decolorization of the potassium permanganate solution, 
in the absence of reducing agents like nitrites, sulphids, 
or ferrous compounds, indicates organic matter, either ani- 
mal or vegetable. Para-diazo-benzene-sulphonic acid in 
alkaline solution (Griess' test) shows the presence of com- 
pounds such as result from the putrefaction of albu- 
minous matters. These are abundant in the excreta and 
decaying animal tissues but may be produced also from 
similar changes in the vegetable albuminous substances. 
In the last case they are only found in comparatively small 
amounts. 

We might then expect to find with water containing fresh 
vegetable matter a little ammonia and some reduction of 
the permanganate solution but no reaction to Griess' test 
and an absence of more than traces of chlorin, nitrites and 
nitrates. As it decays the ammonia increases and the re- 
duction of the permanganate diminishes until there may be 
none. There will finally be a conversion of most of the 
nitrogen into nitrates with possibly a slight amount of ni- 
trites. It is seldom that all the ammonia disappears. 
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Animal matter (excreta or tissues), while decomposition 
is in progress, reduces the permanganate solution and 
gives Griess' reaction if in sufficient quantity. Chlorin and 
ammonia are then abundant, nitrites are often present and 
sometimes nitrates. As the decomposition progresses the 
permanganate and Griess' tests give less marked results 
and the nitrates increase. The quantity of chlorin is not 
affected. 

The source of the water will also somewhat modifv the 
conclusions to be drawn from the analysis. Thus deep 
well water often contains much chlorin from the rock for- 
mations with which it comes into contact. More ammonia 
may be allowable here than in surface or shallow well 
waters since it has no means of escape and the conditions 
are unfavorable for bacterial life. It is produced here by the 
reduction of nitrates through the action of organic matter. 
Nitrates are occasionally found plentifully in deep waters, 
being derived from the remains of fossil organisms. This 
is especially seen in Cretaceous rocks. On the other hand 
organic matter is usually absent or in traces. Rain water 
absorbs much ammonia and sometimes nitrites from the air 
and these then lose their customary significance, being no 
longer indicative of organic decomposition. In the water 
from deep wells (artesian) also nitrites may be formed 
through the reduction of nitrates by organic matter with- 
out the aid of bacteria and then are unimportant. 

Standards of Comparison. 

From what has been said regarding the modifications 
which surrounding conditions produce in the composition 
of water it is obvious that we can not establish any abso- 
lute standards which shall apply to that from all sources. 
Nevertheless it is a matter of great convenience to be able 
to compare the composition of one under observation with 
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that of others the nature of which has been determined. 
Such figures must be used carefully with a full under- 
standing of the influences that may change them. Know- 
ing, then, that the standards represent only the amounts of 
impurities which have been found to be present under 
different conditions we can employ them as aids to the for- 
mation of an opinion as to the significance of our analyses. 
The following may represent the composition of some 
varieties of drinking water in which the figures represent 
parts per million. 



Total solids. 

Chlorin. 

Nitrogen in nitrites. 

Nitrogen in nitrates. 

Ammonia. 

Cubic centimeters of 

N 

— KMnO. reduc'd 
100 

by 100 cc. of water. 



Good, 
less than 


Suspi- 
cious. 


Bad, 
over 


Milligrams 
per loiter. 

NaCl, 23 
NaN0 2 ,o.i 
KNO3, 1.4 
NH 4 C1 0.3 


500 

5 


0.05 
i-5 


500-700 
10-20 
0.02 

1.0-2.0 
0.06-0.1 

3-4 


800 

25 
0.04 

5 
015 

8 



= Parts per Million. 



Chlorin, x«>. 

Nitrogen in nitrites, 0.02. 
Nitrogen in nitrates, 2.0. 
Ammonia, o.i. 



Solutions made up of the above strengths by the aid of 
the last two columns, may serve for comparison so that the 
more accurate quantitative methods of determination can, 
at times, be dispensed with. 

Practical Exercises in Water Analysis. 

Make chemical examinations of samples of water fur- 
nished by the instructors. Hand in written reports giving 
the presence or absence, also comparative amounts (small, 
moderate or large) of the following : 

1. Calcium. 

2. Magnesium. 

3. Iron, ferrous and ferric. 

4. Lead, copper or zinc. 

5. Ammonia. 

6. Chlorin. 

7. Sulphates. 
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8. Nitrous acid (nitrites). 

9. Nitric acid (nitrates). 

10. Organic matter by general tests. 

Tell what you can about the past history of the water. 
If it contains organic matter is this vegetable, decaying 
animal or sewage? Is the water suitable for drinking, to 
be condemned, or merely suspicious? Is it suitable for 
other purposes than for drinking ? Give reasons for your 
conclusions. 
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CHAPTER II. THE DETECTION OF POISONS. 

The testing of substances for the detection and identi- 
fication of poisons, although it may be properly considered 
in a separate chapter from general analytical chemistry, 
is not a different branch of chemistry, but makes use of 
many of the principles and operations already considered. 

Its importance lies in the value of the evidence of the 
chemist as a proof of attempted or accomplished poisoning, 
and in the fact that this is often the strongest, and some- 
times the only, evidence obtainable. It differs from the 
more common methods of analysis in the nature of the 
materials which are investigated, these being often com- 
plex mixtures of organic and inorganic compounds, such 
as medicines, foods, vomited matter, saliva, urine, blood 
or animal tissues. In these the poison sought is ordinarily 
comparatively very small in amount. Not only must the 
presence of a poisonous element be shown, but that it is 
in a combination dangerous to the animal body. For 
example, most sulphates are harmless, whereas the acid 
from which they are derived is a violent poison. It is, 
moreover, frequently desirable to determine not only the 
kind but the amount of such compounds in the substance 
analyzed. 

Some of the difficulties encountered in testing for poi- 
sons are that their minute amount renders many of the 
common reagents ineffective, that the presence of other 
compounds, especially organic matter, interferes with their 
giving the expected reaction, that their separation from 
such compounds and purification requires much time and 
care, that during the necessary operations they may vola- 
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tilize, as does prussic acid, or undergo decomposition, like 
the alkaloids or become converted into a harmless form like 
phosphorus. Still, for many of them, the means of iden- 
tification, if properly carried out, are as effective as any 
analytical processes. 

Since but a limited quantity of the substance is at the 
disposal of the analyst the tests should be applied at first 
to only a portion in order to have a reserve in case of 
accidents, or for further investigation, and it is better 
to note the weight of the whole and of the part used in 
order to be able to calculate the total amount present from 
the fraction that may be found in that part. To avoid a 
waste of material the most characteristic and reliable tests 
should be tried first. If possible the isolated poison or 
compounds of it should be preserved in such a way as to 
be submitted in a possible future trial. The question of 
the purity of the reagents is of the greatest importance. 
The different grades of " purified," " pure," " chemically 
pure" and " absolutely chemically pure" do not neces- 
sarily guarantee the same quality when they are made by 
different manufacturers. It will be necessary to prove 
their purity or to make with them a blank test — that is to 
go through the operation with the chemicals alone without 
the addition of the suspected substance, when, if they are 
of satisfactory quality, the result should be a negative one. 
The reagents in common use may suffice for the usual 
methods of testing and fail to give satisfaction when a 
hundred or a thousand times the ordinary quantity of them 
must be employed. All other materials, such as filter paper, 
rubber tubing or apparatus, must also be known to be free 
from objectionable substances. 

There follows a list of the reagents of most frequent use 
in toxicological investigations, with a discussion of their 
impurities. 
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Water. 

This should of course be distilled but as occasionally 
such water contains traces of the heavy metals it should 
be tested by evaporating a liter to dryness. There must 
be left only a minute residue and this, after dissolving in 
5-10 cc. of water must give no precipitate with hydrogen 
sulphid or ammonium sulphid. Distillation is best con- 
ducted in a tin-lined vessel and the steam condensed in a 

tin pipe. 

Hydrochloric Acid. 

This should, after dilution, give no precipitate upon satu- 
ration with hydrogen sulphid or, after neutralization, with 
ammonium sulphid. Its most dangerous contamination is 
arsenic, which is not infrequent. Very large amounts of 
the acid are used in the destruction of organic matter and 
hence a comparatively large quantity of arsenic may be 
introduced even if but a small fraction of a per cent, 
is contained in the acid. It cannot be regarded as of 
satisfactory purity unless after about a liter is concen- 
trated to a small volume (10 to 20 cc.) by evaporation in a 
well-ventilated hood and 5 cc. of the remaining liquid is 
tested with Gutzeit's test (118) no yellow color with brown- 
ish-black margin appears on the paper within half an hour. 
It may be further tested by Bettendorfs (120), Reinsch's 
(117), or Marsh's (121) tests. 

Sulphuric Acid. 

This is not used in such large amounts as the hydro- 
chloric and there is consequently less danger of introducing 
impurities with it. Its principal use is in Marsh's test for 
arsenic. It occasionally contains lead as well as arsenic. 
The lead will be shown by the yellow or brown color pro- 
duced by saturating the dilute solution with hydrogen sul- 
phid gas. For arsenic it can be tested, after diluting with 
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four times its volume of water, by Gutzeit's (118), Reinsch's 
(117), or Marsh's (121) tests. With the latter 200 cc. of 
the acid, generating about a liter of hydrogen in fifteen 
minutes should show no mirror in the tube after half an 
hour's heating. When used in the alkaloidal tests it must 
be absolutely free from nitric or nitrous acid. Hence it 
should give no color with brucin (439) or di-phenyl-amin 
(440). These compounds if present may be removed by 
boiling as in 440. 

Hydrogen Sulphid. 

The materials commonly used in the preparation of hy- 
drogen sulphid frequently contain arsenic. Either those 
which are free from arsenic should be employed or the gas 
must be purified. Passing it through a long tube over 
crystals of iodin forms arsenic iodid which remains in the 

tube. 

Ammonium Sulphid. 

This must be prepared from arsenic-free hydrogen sul- 
phid, made in the above manner. 

Ammonium Hydrate and Sodium Hydrate. 

Arsenic and the heavy metals should be absent. When 
acidified with pure sulphuric acid no results should be 
obtained from Marsh's test, from the addition of hydrogen 
sulphid, nor after making alkaline by ammonium sulphid. 

Potassium Chlorate. 

This should be free from arsenic and the heavy metals. 
Dissolve 50 grammes in water and add pure hydrochloric 
acid as long as chlorin is evolved. Test half the solution 
by Marsh's test (121) and the rest by hydrogen sulphid 
(Table IV), and ammonium sulphid (Table II). 

Ethyl Alcohol. 

Metals and other basic substances must be absent. By 
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distilling over tartaric acid they can be separated if small 
amounts are present. 

Amyl Alcohol. 

It should leave no residue when evaporated, should boil 
at I3i°-i32°; and when shaken with dilute sulphuric 
acid should give to the latter nothing which gives the 
general alkaloidal reactions (pages 145-6). 

Benzene. 

This should have the boiling point of 79 and otherwise 
answer the requirements for amyl alcohol. 

Chloroform. 

Can be tested as the last. It should boil at 61 °. 

Petroleum Ether. 

The boiling point should not be above 6o°. No residue 
should remain when it is allowed to evaporate on a watch 
glass. 

The filter paper employed should be white and the ash 
remaining after it is burned should be little and free from 
barium and the heavy metals. When the solutions must 
come in contact with the rubber tubing this must contain 
none of the poisonous metals. In the white tubing lead 
and zinc are often found and in the red, antimony. Black 
rubber is the preferable kind. Porcelain vessels are less 
liable to break than glass ones, also to attack by reagents, 
but they should not be used after the enamel is in any de- 
gree injured, and the enamel must contain no lead. 

Outline of the Plan of Analysis for Poisons. 

I. Preliminary examination. 
II. Distill in the presence of an acid with the aid of 
steam- — the volatile poisons, hydrocyanic acid, phenol 
(carbolic acid), phosphorus, chloroform, chloral hydrate. 
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III. Dry. Extract the dried residue with alcohol, 
i. The alkaloids. 

2. Oxalic and meconic acids and some mercury 
salts. 

IV. Destroy the organic matter and test the solution for 
metals of which the compounds are poisonous. 

I. Preliminary Examination. 

Before proceeding to the systematic analysis a prelimi- 
nary examination will be advantageous. This may be 
both physical and chemical. In the former, if the material 
is a complex mixture, like the contents of a stomach or 
vomited matter, its appearance should be noted, as to 
whether there is evidence of the presence of unusual sub- 
stances. Sometimes the unaltered poison (vegetable or 
animal) may be thus detected. A low-power magnifying 
glass is of service. Phosphorus will be visible if the room 
is darkened, especially after the substance is dried and 
stirred in the air. Any odors should be noticed, as they 
may be characteristic of some compound sought. Not 
more than one-tenth of the available material should be 
destroyed in preliminary tests. 

Reaction. — A strong acid or alkaline reaction to litmus 
paper may be due to mineral or oxalic acids or to a caustic 
alkali. 

The above acids will be found in the aqueous extract and 
change a Congo-red solution to a deep blue. Oxalic acid 
changes the color of a methyl-violet solution to a blue. 
Hydrochloric acid of the strength found in normal gastric 
juice will do the same, also very dilute solutions of nitric 
or sulphuric acids. In any considerable amount the three 
last give with methyl-violet a green to yellow color. If a 
few cubic centimeters of the solution be slowly evaporated 
from a small test-tube with a few crystals of cane sugar 
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there will be with sulphuric acid a blackening or charring 
as the water is driven off ; with nitric, an evolution of yel- 
lowish-brown oxids of nitrogen ; with hydrochloric, a yel- 
low, then brown color in the liquid, with the odor of the 
acid gas ; with oxalic acid, no odor or colored gas, nor dis- 
coloration until the water has been expelled, when the sugar 
will be converted to caramel if the heating is continued. 

Of the caustic alkalies ammonium hydrate will have 
already been recognized by its odor although it must be 
remembered that ammonia may be formed by the bacterial 
decomposition of nitrogenous matter. The sodium hydrate 
and potassium hydrate can be dissolved from dried residues 
by hot alcohol. They remain after this has been distilled. 
Solutions of these turn litmus paper blue and give a red 
color to a phenolphthalein solution. The alkaline carbo- 
nates do the same but not after an excess of barium chlorid 
has been added to the solution. The alkaline hvdrates 
will act upon litmus and phenolphthalein after the addition 
of barium chlorid as well as before. 

Test for phosphorus and hydrocyanic acid in a partly 
filled flask with lead acetate paper (453) and silver nitrate 
paper (453) also guaiacum paper (449) and watch glass 
tests (450 and 45 2a). 

Dialysis of a portion of the mass may render possible 
the classification of the poison. Place the substance in a 
dialyzer, 1 after thinning with water and slightly acidifying 
with nitric acid, and let this stand 24 hours in four or five 
times its volume of water. The liquid outside is then 
concentrated, if desirable, and examined for some of the 

! The dialyzer may consist of a wide, glass tube which has one end 
closed with a membrane of animal or vegetable parchment. The sub- 
stance to be dialyzed is placed in this and the whole is suspended in a ves- 
sel of water so that the level inside and out is the same. Or, instead of 
this, a parchment tube containing the substance may be suspended from 
the ends in the water. 

19 
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groups of poisons, one portion being tested by hydrogen 
sulphid for the heavy metals, another for the alkaloids, by 



Fig. iS. 




Two forms of dialyzers ; the first an open glass tube with parchment 
end, the second a tube of parchment paper. 

means of the general reagents (page 245), another for the 
acids or alkalies, etc. 

If in the preliminary tests some indication has been ob- 
tained of the class of compounds the search should be 
made first for these. If no indication had been obtained 
of the class to which the poison may belong a systematic 
examination must be undertaken for all that can be pres- 
ent. For this the remaining material may be divided 
into four parts and one examined for each class of 
compounds unless the poison is found sooner, one being 
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reserved for emergencies or confirmatory tests. The 
plan of analysis given will serve as a general guide for 
work, although the chemist will often modify it in accord- 
ance with his observations during the progress of the an- 
alysis. It is far from including all poisons but it may be 
used in the search for the more common. For a complete 
course of analysis reference should be made to some larger 
work, such as that of Dragendorff . 

II. Poisons Distilled from an Acid Liquid. 

Dilute the finely divided mixture into a thin fluid with 
water, then add enough dilute sulphuric acid to merely 
give an acid reaction. Distill from a retort on a water- 
bath, towards the last of the operation passing in steam 
from a flask through a tube which extends nearly to the 
bottom of the liquid. The distillate must be well cooled 
by a long Liebig's condenser. 

Hydrocyanic Acid. 

(Ferrocyanids and ferricyanids must be absent or the 
tests are not conclusive.) 

The volatile acid has the characteristic odor of bitter 
almonds, and appears in the first stages of the distillation. 

449. The gas or a drop of the distillate turns blue a white 
paper previously moistened with very dilute copper sul- 
phate solution and an alcoholic solution of guaiacum resin. 
There are a few other substances which give a similar result 
but they are not commonly present. 

450. With silver nitrate a white precipitate is produced, 
which dissolves in ammonium hydrate or sodium hydrate 
and is reprecipitated therefrom by nitric acid in which it is 
insoluble. It is not discolored by light like silver chlorid 
(239). To remove any hydrochloric acid which may have 
been distilled over from the retort, before testing with the 
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silver nitrate, the distillate can be shaken with a little pow- 
dered borax and redistilled. 

451. The distillate forms Prussian blue with iron salts 
when treated according to 247. 



Apparatus for distillation with the aid of steam. This is passed into the 
liquid in the retort by a tube which enters through the titbulure. The 
flask at the left in which the steam is generated is provided with a straight 
safety-tube, open at both ends. This allows air to enter if the heating is 
interrupted and thus prevents the liquid in the retort from being drawn 
back. The neck of the retort is connected with a Liebig's condenser and 
the whole apparatus stands in a hood which is provided with a flue and a 
sliding door so that obnoxious gases are removed from the room. 
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452. To a few drops of the distillate add 2 or 3 drops of 
a solution of potassium nitrite and as much ferric chlorid. 
Drop in dilute sulphuric acid until the brown color becomes 
a yellow and warm gently. Cool, precipitate the iron with 
a few drops of ammonium hydrate, filter, and to the fil- 
trate add one drop of very dilute ammonium sulphid. A 
violet color appears, changing to blue, green and yellow. 
The hydrocyanic acid has been converted into a nitro- 
prussid which gives the above results with sulphids. Less 
than one part in a million can be thus detected. 

45 2a. Place between two watch-glasses adding H 2 S0 4 
if testing for a cyanid. Moisten the under surface of the 
upper glass with yellow ammonium sulphid solution and 
allow to stand 10 minutes. Ammonium sulphocyanate is 
formed on the upper glass. Remove this and dry on a 
water-bath. Very dilute ferric chlorid gives a red color 
with the residue after acidifying with HC1 (64). 

Phenol. (Carbolic Acid.) 

As this is less volatile than the hydrocyanic acid the lat- 
ter portion of the distillate can be used for testing. With 
this try the phenol reactions (page 134). 

Chloroform. 

If much is present it will appear as colorless drops with 
the characteristic odor, unless the latter is hidden by other 
compounds. Try the test with anilin and potassium hydrate 
(277) and if necessary confirm by 278. 

Chloral Hydrate. 

The distillate gives no odor of chloroform until it has 
been warmed with an alkali. Test with resorcin (319), 
ammonium sulphid (320) or with sodium hydrate (316). 

Phosphorus. 

Carry on the distillation in a perfectly dark room. 
Notice the luminous ring in the condenser (4S4). For a 
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confirmatory test use the color of the flame with hydrogen 
generator (455), also effect on silver nitrate paper (453) as 
directed below. 

The yellow variety of phosphorus is the one which acts 
poisonously. Its odor and luminous appearance in the 
dark are characteristic. 

453- When an acidified liquid or mass containing phos- 
phorus is placed in a flask of such a size that it shall be at 
least three fourths filled with air and from the loosely in- 
serted stopper strips of filter paper are hung which have 
been moistened, one with a solution of lead acetate made 
alkaline with sodium hydrate, and the other with silver 
nitrate, the latter is darkened slowly by the reduction of 
the silver salt by the vapors of phosphorus. The former is 
unaffected. Hydrogen sulphid blackens both papers and 
its presence destroys the value of the test. Failure of the 
paper to darken indicates the absence of phosphorus. The 
flask should be allowed to stand a considerable time in a 
dark place before the conclusion of the test. 

454. If a mixture containing phosphorus is diluted to a 
liquid with water then, after acidifying, is placed in a re- 
tort and distilled in a dark room by passing steam through 
it, the vapors being cooled by a Liebig's condenser, at the 
point where the steam is condensed there appears a phos- 
phorescent ring. This moves back and forth in the con- 
denser and may be visible a long time. Very minute 
amounts of phosphorus may be thus detected, but the 
phosphorescence is prevented by mercuric chlorid, alcohol 
and some other volatile substances. It appears, however, 
when these latter have been removed. 

455. When treated in a Marsh's apparatus as described 
in the test for arsenic (121) phosphorus forms hydrogen 
phosphid, PH 3 , which, when passed into silver nitrate 
solution, forms dark, insoluble silver phosphid mixed with 
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metallic silver. This compound can be filtered out and 
tested, after acidifying, by distillation as above. If the gas 
is passed through a tube filled with pieces of pumice 
saturated with sodium hydrate, for the purpose of absorb- 
ing the hydrogen sulphid which may be present, the flame 
of the ignited gas is greenish. It should not be lighted 
until the air has been completely expelled and should be 
burned from a small metal tube like a mouth blow-pipe to 
avoid the color which the sodium of the glass would im- 
part. The color can be made more perceptible by holding 
a cold porcelain dish in the flame. 

Ill, i. Examination for Alkaloids. 

To another portion of the finely divided mass add so 
much dilute sulphuric acid that the reaction is faintly acid 
(but not more than 5 cc. of 20 per cent, acid for each 100 
cc. of the liquid). Mix thoroughly and let it stand several 
hours at 40 to 50 , then filter through a cloth. Repeat 
the extraction, uniting the filtrates. Evaporate on a steam- 
bath to a thin syrup but no farther ; dilute with 3-4 times 
its volume of 90-95 per cent, alcohol, which dissolves the 
alkaloidal sulphates, and filter after it has stood 24 hours. 
Pour the filtrate into a flask and distill off the alcohol on a 
steam-bath. The sulphates of the alkaloids remain. Test 
a portion for these, reserving some for III, 2 ; III, 3 ; and 

in, 4 . 

The alkaloids and some other organic poisons can be, to 
some extent, classified and separated by the differences in 
solubility of their salts and of the free substance in certain 
organic solvents. When the aqueous liquid is mixed, with- 
out too violent shaking, with the solvent, and the mixture is 
allowed to stand, the solvent, which is selected so as to be 
lighter or heavier than the original fluid, removes from 
this liquid the alkaloid. By performing this operation in 
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a separatory funnel or a burette with a glass stop-cock one 
liquid can be separated from the other. To ascertain if 
anything has dissolved, or to test it, a drop of the solvent 
after separation can be allowed to evaporate on a watch 
crystal. The steps in this separation are: 

(a) If necessary add water un- 
til the acidified solution is not 
syrupy, then shake in a separ- 
atory funnel with petroleum 
ether, repeating until the soluble 
matter has been dissolved. 

The petroleum ether contains 
some of the coloring matters, 
also the fats, and the phenol 
which was not removed by dis- 
tillation. 

(6) To the solution from which 
the petroleum ether has been 
separated add sufficient ammo- 
nium hydrate to make it strongly 
alkaline. The alkaloids are set 
free and, if in large amounts, 
may appear as a precipitate. 
Whether this is so or not, shake 
the liquid with more petroleum 
ether, separating as before, after 
standing long enough for the 
petroleum ether to have corn- 
Different forms of separator^ pletely risen to the top of the 
funnel, used for separating a a eou5 so l ution . If a residue 
liquid from another in which It . 

is insoluble. remains when the petroleum 

ether has spontaneously evap- 
orated in a watch-glass, it may be cocain which is in white 
crystals. If such a residue remains treat the liquid with 
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the petroleum ether as long as a drop leaves any solid when 
evaporated. Test the residues by the cocain reactions 
(page 151). 

(c) In the same manner shake the solution remaining 
from the petroleum ether extraction with benzene (benzol, 
C 6 H 6 ), letting the benzene evaporate on a number of watch- 
glasses without heating. To learn if an alkaloid is pres- 
ent dissolve in water with a drop of acid and apply the 
general alkaloidal reagents (page 145)' 

There may be contained in the residues from the benzene 
atropin, brucin, narcotin, strychnin and veratrin. Observe 
the appearance and, if the general alkaloidal reagents 
(page 145) show the presence of alkaloids, test the separate 
portions with a drop of concentrated sulphuric acid and 
another of concentrated nitric acid. 



- 


Usual Form. 


h 9 so 4 , 


HNO3, 


Tests 






Concentrated. 


Concentrated. 


on Page. 


Atropin, 


crystalline, 


colorless, 


colorless, 


I50 


Brucin, 


amorphous, 


colorless, 


deep red, 


149 


Narcotin, 


crystalline, 


colorless, 


yellow, 


148 


Strychnin, 


crystalline, 


colorless, 


yellow, 


148 


Veratrin, 


amorphous, 


yellow, orange, 


yellow to color- 


151 






then red (414) 


less. 





Confirm the indicated alkaloids by the individual re- 
actions. 

(d) The solution which has been treated with benzene is 
to be shaken with amyl alcohol and, after separating,, the 
latter is to be evaporated on the steam-bath. 

Morphin remains as a crystalline residue. Confirm it 
by its -characteristic reactions (page 147). 

Ill, 2. Examination for Oxalic Acid. 

A part of the alcoholic solution from the dried substance 
is filtered and evaporated to dryness on the steam-bath and 
the residue dissolved in water. This solution, if oxalic acid 
20 
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is present, gives calcium oxalate with calcium chlorid (190) ; 
it decolorizes potassium permanganate (191); oxalic acid 
precipitates from a solution of gold chlorid metallic gold in 
scales (144). Other tests have been referred to in the 
preliminary examination. 

III y 3. Examination for Meconic Acid. 

Test with silver nitrate (333) and ferric chlorid (332). 
The latter is the more characteristic. 

Ill, 4. Examination for Metallic Compounds Soluble in 
Alcohol, Especially those of Mercury. 

Although the general tests for the metallic compounds 
are made with another portion of the substance this solu- 
tion may be tested with hydrogen sulphid and the test 
completed in the usual manner (Table III). Since only 
substances soluble in alcohol can be present here the dis- 
covery of a metal affords some indication of the original 
compound. 

IV. Metallic Poisons. 

They may include compounds of arsenic, antimony, lead, 
copper, mercury, silver, zinc and barium. 

These may be sought in the residue from the alcoholic 
extraction of III (except lead and barium) or another por- 
tion of the mass under investigation. In order to obtain 
them in a sufficiently pure state to identify them any organic 
matter present should be first destroyed. This is accom- 
plished through oxidation by means of chlorin. The finely 
divided mass is diluted to a thin mixture with pure, con- 
centrated hydrochloric acid, and a little water. Place it 
in a flask which it must no more than half fill, and 
drop in from time to time a little powdered potassium 
chlorate as long as the fluid has a dark color, assisting the 
oxidation toward the last by warming on the steam-bath. 
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Avoid the use of unnecessary amounts of either acid or 
chlorate. Cellulose or masses of fat, which are difficult to 
decompose, may be filtered out and the filtrate employed 
for the examination. 

The clear liquid is freed from chlorin by passing carbon 
dioxid through it and afterwards saturated with hydrogen 
sulphid. This may be done in a flask fitted with a two- 
holed rubber stopper and two tubes. The entrance tube 
is connected with the generator and extends to the bottom 
of the solution. Gas is passed in, for 24 hours (in), the 
liquid being warmed and shaken occasionally. The zinc 
and barium alone remain unprecipitated. Filter and wash. 

Compare the color of the precipitate with that of the sul- 
phids of metals possibly present. Separate or test it by the 
methods given in Table IV, confirming by the reaction of 
the individual metals, using for the latter purpose a fresh 
portion of the solution if desirable. 

Test the filtrate for zinc after the method of Table II 
and the zinc reactions (page 46). If this is not present 
or has been removed, test for barium according to Table I 
and the barium reactions (page 37). 

Special Problems in Toxicology. 

Detection of Arsenic in Milk or Liquid Foods. — Use 
Reinsch's test (117). 

Detection of Arsenic or Lead in Urine. — Acidify about 
a liter with hydrochloric acid, saturate with hydrogen sul- 
phid gas and let it stand in a corked flask for 24 hours. 
If there is a precipitate filter and wash it. If it is yel- 
lowish test for arsenic by Gutzeit's test (118). If black 
dissolve in a few drops of nitric acid and test for lead 
(159, etc.). 

Detection of Mercury in Urine. — Acidify about a liter 
of urine with 1 or 2 cc. of hydrochloric acid, warm to 50 - 
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60 °, add half a gramme of zinc dust or freshly precipi- 
tated metallic copper (81). Stir vigorously half a minute 
and then filter. Metallic mercury is precipitated (96). 
Wash and confirm by heating in a tube (96). 

Detection of Copper in Coloring Matters. — Digest the 
fabric some time with strong ammonium hydrate. A blue 
solution indicates copper (78). Acidify and confirm with 
potassium ferrocyanid (80). 

Detection of Copper in Foods. — A large amount will be 
precipitated from the mass, after acidifying with hydro- 
chloric acid, by means of iron, like a bright knife blade 
(81). When this is washed and digested with concentrated 
ammonium hydrate it makes a blue solution. If the amount 
of copper is small it may be necessary to first destroy the 
organic matter by potassium chlorate (page 226). 

Detection of Lead in Water. — Concentrate a large 
volume of water (one or more liters) to 100 cc. in a dish 
with lead-free glazing, after adding one drop of nitric acid 
for each liter. If it is discolored from organic matter re- 
move this by potassium chlorate and hydrochloric acid 
(page 226). Then saturate with hydrogen sulphid gas, 
heat to boiling, filter and, after dissolving in nitric acid, 
confirm by lead tests (159, etc.). « 

Detection of Dangerous Amounts of Lead in Glazing or 
Enamel. — In the vessel to be tested boil for half an hour 
4 per cent, acetic acid, adding water as it evaporates. Test 
the liquid after this time with hydrogen sulphid as above. 
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CHAPTER III. ANALYSIS BY MEANS OF 

THE BLOW-PIPE. 

Many of the important physical and chemical properties 
of the metals and their alloys which have not been shown 
by the preceding work can be demonstrated by the use of 
the blow-pipe (page 25). These are often of the greatest 
importance in the technical use of the metals or the manu- 
facture of their alloys, and they can best be learned by 
careful observation and long practice. They are such as 
are imparted to the metals, or are modified by heating. 
By the same means some of the non-metallic elements and 
compounds undergo characteristic changes also. 

Many metals, as well as some non-metallic substances, 
give characteristic reactions during or after heating alone 
or with some chemical agent. To obtain these first ex- 
cavate a shallow cavity near one end of a stick of char- 
coal ; place in this some of the substance equal to half a 
pea in size, and apply the blow-pipe flame, using first 
the oxidizing flame then the reducing (pages 25-26), and 
heating the charcoal underneath the assay as much as pos- 
sible. The flame should be directed toward the unoccu- 
pied end of the charcoal so as to allow for a possible dep- 
osition of a coating. 

In some cases the results are better observed if instead 
of the charcoal the assay is heated on a thin slab of plaster 
of paris, made by pouring a thick mixture of this with 
water into a pasteboard box and letting it harden. For 
light colored coatings it can, previous to using, be black- 
ened by smoking. 
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I. The Non-metallic Substances and Metals of the 
Alkalies and Alkaline Earths. 

Water, if present in large amounts in the form of water 
of crystallization, as in alum, causes the substance to 
melt easily. When it has been evaporated by continued 
heating the anhydrous substance remains on the charcoal. 
If only a small quantity of moisture is present it will be 
necessary to heat the powdered solid in a matrass when 
the moisture appears on the cool walls of the tube. Most 
hydrates give up their water in this way. Many nitrates 
and chlorates deflagrate when heated on charcoal, that is, 
appear to burn rapidly, leaving little visible residue. This 
is especially true of salts of the alkalies. Nitrates, when 
mixed with acid potassium sulphate and heated in a mat- 
rass evolve a yellowish gas, best seen by looking down 
into the tube. This gas turns brown a slip of filter paper 
which has been dipped in a solution of ferrous sulphate. 

Chlorates yield oxygen, sometimes mixed with chlorin, 
when heated in a matrass. If cupric oxid is dissolved in 
a bead of microcosmic salt by the aid of the oxidizing 
flame, when a chlorate is added the flame becomes azure 
blue. Other chlorin compounds give the above reaction 
with the microcosmic bead and cupric oxid as do bromin 
compounds also. Many of them decrepitate, that is, fly 
to pieces when heated, because of the moisture that is con- 
tained in the crystals, though this is not characteristic of 
chlorids. 

Free sulphur and sulphids oxidize on charcoal in the 
oxidizing flame with the evolution of sulphurous oxid, 
recognizable by its odor. 

Sulphates and other sulphur compounds, if they are 
fused on charcoal with dry sodium carbonate, and if then 
the fused mass is placed on a silver coin and moistened, 
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will turn the coin brown to black from the presence of 
sodium sulphid. 

Silicates when heated on charcoal give ho characteristic 
results. If fused in the bead of microcosmic salt their 
bases dissolve and the acid floats in a skeleton-like mass 
in the hot bead. 

Organic compounds usually blacken when heated al- 
though they do not always do so. If they contain no metals 
they are completely combustible or volatile. 

Carbon can be burned completely. Graphite is com- 
bustible with difficulty before the blowpipe. It deflagrates 
when heated with potassium chlorate on platinum foil. 

Sodium and potassium compounds melt and sink into 
the charcoal. Sodium gives a yellow flame ; potassium, a 
violet one (page 32). 

Ammonium compounds volatilize completely, leaving a 
distinct white coating on the charcoal. 

The compounds of the alkaline earths, barium, strontium, 
calcium and magnesium, remain white on ignition and 
often become highly luminous. They are sometimes in- 
fusible and sometimes melt and sink into the charcoal. 
Compounds of these metals that reduce to the oxids will, 
after heating, turn moist litmus paper blue when placed 
upon it. 

Barium when held in the blue flame colors it yellowish- 
green. This may be made more perceptible by moisten- 
ing the substance with a drop of hydrochloric acid. In 
the same way 

Strontium gives a crimson-red, and 

Calcium gives a yellowish-red flame. 

Magnesium, when ignited, then moistened with cobalt 
nitrate solution and again ignited, is colored a faint flesh- 
pink. 
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II. The Common Heavy Metals Including the Alloys 

and Amalgams. 

1. Easily Volatile; Form a Coating or Disappear. 

Mercury is completely volatilized, leaving at most a 
distant, gray coating. On plaster this is very distinct. 
Some salts of mercury form white coatings. If mixed 
with dry sodium carbonate and heated in a matrass, globules 
of mercury are deposited in the cool part of the tube. On 
plaster with sulphur and potassium iodid it gives a scarlet 
coating, with yellow ; if quickly heated this is dull and 
black. 

Arsenic volatilizes completely with distinct white incrus- 
tation. It gives, when vaporized, a garlic odor. In a mat- 
rass with sodium carbonate, most compounds give a dark 
ring with a metallic luster. This is metallic arsenic. No 
globules can be perceived. 

Antimony gives brittle, white metallic globules. These 
produce white fumes when heated in the oxidizing flame 
and a distinct white incrustation with a bluish border. The 
metal continues to burn after removing the flame, finally 
surrounding itself with crystals of the oxid. If dropped on 
the floor when melted it rolls and leaves a white track be- 
hind. It imparts a greenish-blue color to the oxidizing 
flame. Heated on plaster with sulphur and potassium 
iodid it gives an orange coating stippled with peach red. 

Bismuth gives reddish-white, brittle metallic globules 
with a yellow coating. When mixed with sulphur and 
potassium iodid and heated with a small, oxidizing flame 
a brilliant scarlet coating is produced, with a yellow one 
at a greater distance ; with the last reagents on plaster, a 
chocolate-brown coating with underlying scarlet; with 
ammonia this becomes orange-yellow and cherry-red. 

Lead forms white, malleable metallic globules with a 
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yellow coating which has a white edge. The flame is a 
bluish-white. Heated with sulphur and potassium iodid 
the volatile coating is a bright yellow. 

Cadmium has a reddish-brown incrustation near the 
assay with a yellow one farther away. No globules can 
be observed. In a matrass the metal volatilizes condensing 
to bright globules on cooling. 

2. The Non- volatile Metals or those which Vaporize with Diffi- 
culty, and which Color the Borax Bead. 

Many of these impart a definite color to a bead of fused 
borax, held in a loop of platinum wire. To as far as pos- 
sible avoid the presence of fusible metals which would 
alloy the platinum the test substance may be roasted on 
charcoal to vaporize the volatile ones and to oxidize most 
of the others, with any sulphur that may be present. " This 
is accomplished by heating a thin layer with a gentle oxi- 
dizing flame so as not to fuse it, turning the particles in 
order to thoroughly oxidize or volatilize them. Some of 
the metals which may remain cannot be oxidized at all, 
and in some cases the oxidation is incomplete. 

At the end of a platinum wire make a loop about an 
eighth of an inch in diameter by winding it around a match 
or the point of a pencil. Heat it and after dipping it into 
powdered borax heat the mass until it fuses to a clear, 
colorless bead. If this is colored the wire was not clean 
and the bead should be removed by straightening the wire 
and a new one made. Touch the hot bead to a minute 
fragment of the oxidized residue which will adhere, then 
heat again, first in the oxidizing flame, then in the reduc- 
ing flame of the blow-pipe. Notice the color which is 
given to the bead. The latter should, with most metals, 
remain transparent. If it becomes black it is because too 
much of the substance has been added. 
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Manganese in the oxidizing flame gives a reddish-purple 
which becomes colorless in the reducing flame. A small 
portion fused into a bead of potassium nitrate and sodium 
carbonate becomes deep green. 

Chromium gives an emerald-green bead, there being 
little change produced by the different flames. In the 
bead of potassium nitrate and sodium carbonate, a yellow 
color is produced. If this mass is dissolved in a drop of 
water it makes a bright yellow solution. 

Cobalt produces a deep blue bead, the color being un- 
changed in the reducing flame. Heated alone on char- 
coal in the reducing flame the metal is obtained, a black 
magnetic powder. 

Iron colors the bead yellow to reddish in the oxidizing 
flame, the shade being darker when hot, and also as the 
amount of iron is increased. In the reducing flame it is 
colorless to bottle green. Heated alone on charcoal, iron 
and its compounds give a black powder which is attracted 
by a magnet. 

Nickel when oxidized gives a bead, violet when hot and 
brown when cold. On the charcoal the reducing flame 
converts its compounds to metallic nickel, a black, mag- 
netic powder. This shows a metallic luster on rubbing in 
a mortar. 

Copper colors the borax green as it is taken from the 
oxidizing flame, changing to a blue as it cools. In the 
reducing flame the bead is colorless unless a large amount 
of the metal is present, when it becomes a brownish-red 
and opaque on cooling. On charcoal compounds of cop- 
per are reduced to the metal which fuses to a malleable 
globule. In the reducing flame the color of the metal is 
seen, but on removing it from the flame, or on heating in 
the oxidizing flame, it is covered with a black oxid. Cop- 
per gives a green color to the flame ; the chlorid which 
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may be formed by moistening with hydrochloric acid gives 
a blue one. 

3. Metals which Volatilize with Difficulty or not at all and 

do not Color the Borax Bead. 

After heating in order to as far as possible remove the 
volatile metals, if such are present, place the residue on a 
clean piece of charcoal and heat again with the oxidizing 
and then the reducing flame. 

Zinc gives, near the substance, a coating which is yellow 
when hot and white after it has cooled. Moisten this with 
cobalt nitrate solution and heat again to as high a tempera- 
ture as can be produced. The coating is changed to a 
bright green. 

Tin has a coating, on or very near the assay but no 
metallic globules. It is yellow when hot and white when 
cold. Moistened with cobalt nitrate and ignited it becomes 
bluish-green. On plaster with sulphur and potassium 
iodid it gives a brownish-orange coating. 

Aluminum gives a non-volatile incrustation on the sub- 
stance heated, which is white both hot and cold. Ignition 
after moistening with cobalt nitrate produces a bright blue 
color. 

Silver gives white, malleable metallic globules. A dark 
red coating is formed near the assay but only after very 
long heating. 

Gold fuses to yellow metallic globules without a coating. 
It is soluble in aqua regia but not in nitric acid. 

Platinum remains infusible on the charcoal and gives 
no coating. If reduced from its compounds it is a fine, black 
powder. If it is in larger masses it is of a white color. 

Practical Exercises. 

By blow-pipe analysis determine the bases of unknown 
compounds furnished by the instructors, then the names of 
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unknown single metals, finally the composition of simple 
alloys. 

To fix in mind some of the more important properties 
of the metals the following questions should in all cases be 
answered. 

Ease of reduction? degree of fusibility? of volatility? 
ease of oxidation ? difference at high temperatures and the 
ordinary ones? If an oxid is formed what is its color? is 
this changed with the temperature? is the metal malleable 
or brittle? hard or soft? 

Try to classify the metals on the basis of each of these 
properties into, 

1. Very readily changed. 

2. Changed without difficulty. 

3. Changed with difficulty. 
'4. No change effected. 

Questions for Further Study on Blow-Pipe Analysis. 

For what reason is the charcoal under the test sub- 
stances heated to a red heat in the blow-pipe analysis? 
What chemical action takes place when chlorates and 
nitrates are heated on charcoal ? To what class of chem- 
ical agents do these compounds belong? Where are they 
used when this property is of value ? Are there any sub- 
stances with which they would be incompatible? When 
is a high heat necessary to produce this chemical reaction? 
What is an acid salt? What is the action of the acid 
potassium sulphate when heated with a nitrate? Why 
does cupric oxid in the presence of a chlorate give a 
blue flame instead of the ordinary green one? How does 
moisture cause decrepitation? Why is it necessary to 
heat sulphur to obtain an odor? What is the black com- 
pound formed on the silver coin when it is brought in 
contact with moist sodium sulphid? Why is the water 
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added before the discoloration can be produced? What 
brings about the change of a sulphate to a sulphid when 
treated in this manner? What becomes of the bases of a 
silicate when it is heated with microcosmic salt? What is 
the black substance produced when organic compounds 
are heated? What compounds are formed when graphite 
is deflagrated with potassium chlorate ? When ammonium 
chlorid is volatilized on charcoal is it a complete chemical 
decomposition or a physical change? Is calcium oxid 
fusible? What application is made of this property and 
the fact that it is very luminous at high temperatures? 
Why does the addition of hydrochloric acid to some of 
these compounds make a brighter flame? How do the 
compounds of the alkaline earths compare with those of 
the alkali metals in strength of alkalinity? Are there any 
other of their compounds except the oxids which will have 
the same effect on litmus paper? 

What is the action of sodium carbonate in setting mer- 
cury free from its salts ? Which would be the better way 
to detect small quantities of mercury, by heating on char- 
coal or in a matrass? Is the sodium carbonate used for 
the same purpose with arsenic compounds ? How would 
you explain the absence of metallic globules when cad- 
mium, zinc, tin and aluminum compounds are heated on 
charcoal and their production when the same process is 
applied to compounds of lead or bismuth ? Why is plati- 
num wire used for supporting the borax bead in preference 
to wire of other metals? What causes the swelling of 
the powdered borax in making the transparent bead? 
How does the action of the borax in the bead explain its 
usefulness in the soldering of two pieces of metal ? How 
can you explain the fact that some metals, like iron, give 
one color when the bead is heated in the oxidizing flame, 
and a different one in the reducing flame? What does 
the position of the coating on the charcoal show as regards 
the volatility of the metals? 
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Litmus paper. 

Magnesium sulphate. 

Mercuric chlorid. 
Metaphenylendiamin. 
Methyl orange. 

Methyl violet. 
Nessler's reagent. 
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THE CHEMICAL ELEMENTS 

with their Symbols and Atomic Weights. 
These are from the report of the International Committee 
on Atomic Weights, 1904. Both those based upon the 
atomic weight of hydrogen as the unit, and those from O = 
16 are given. 



NAME SYMBOL. 


, AT.WT. 


AT.WT. 


NAME. 


SYMBOL. 


AT.WT. 


AT.WT. 




(H = 


= 1.000) (0 


»= 16.00) 




(H = 


i.oro)(0 


= 16.00) 


Aluminum 


Al 


26.9 


.27.1 


Neon 


Ne 


I9.9 


20 


Antimony 


Sb 


1 19-3 


120 2 


Nickel 


Ni 


58.3 


58.7 


Argon 


A 


39-6 


39 9 


Niobium 2 


Nb 


933 


9\ 


Arsenic 


As 


74 4 


75.o 


Nitrogen 


N 


13-93 


1404 


Barium 


Ba 


136.4 


1374 


Osmium 


Os 


189.6 


191 


Beryllium l 


Be 


903 


9-1 


Oxygen 


O 


15.88 


1600 


Bismuth 


Bi 


2069 


208.5 


Palladium 


Pd 


I05-7 


1065 


Boron 


B 


109 


11 


Phosphorus 


P 


30.77 


3»o 


Bromin 


Br 


79 36 


7996 


Platinum 


Pt 


193 3 


194.8 


Cadmium 


Cd 


in 6 


112.4 


Potassium 


K 


38.86 


39 15 


Caesium 


Cs 


131.9 


1329 


Praseo-dymium Pr 


1394 


1405 


Calcium 


Ca 


39 8 


40 1 


Radium 


Ra 


223.3 


225 


Carbon 


C 


11. 91 


12.0 


Rhodium 


Rh 


I02.2 


103.0 


Cerium 


Ce 


1392 


140-25 


Rubidium 


Rb 


84.8 


854 


Chlorin 


CI 


35.i8 


35-45 


Ruthenium 


Ru 


IOO9 


101.7 


Chromium 


Cr 


517 


521 


Samarium 


Sa 


148.9 


150.0 


Cobalt 


Co 


58.56 


59 


Scandium 


Sc 


43.8 


44.1 


Copper 


Cu 


63 1 


636 


Selenium 


Se 


78.6 


79 2 


Enbium 


Kr 


164.8 


166 


Silicon 


Si 


28.2 


28.4 


Fluorin 


F 


18.9 


19 


Silver 


Ag 


IO7.I2 


10793 


Gadolinium 


Gd 


155 


156.2 


Sodium 


Na 


22 88 


2305 


Gallium 


Ga 


69-5 


70 


Strontium 


Sr 


86 94 


87.6 


Germanium 


Ge 


719 


725 


Sulphur 


S 


31.83 


32.06 


Gold 


Au 


195.7 


197.2 


Tantalum 


Ta 


iSf.6 


183 


Helium 


He 


4 


4 


Tellurium 


Te 


1266 


127.6 


Hydrogen 


H 


1 000 


1 008 


Thallium 


Tl 


202 6 


204.1 


Indium 


In 


1131 


114 


Thorium 


Th 


230.8 


232.5 


Iodin 


I 


125.90 


126.85 


Thulium 


Tu 


169.7 


171 


Iridium 


Ir 


i9i-5 


193 


Tin 


Sn 


1 18. 1 


1 190 


Iron 


Fe 


5565 


55-9 


Titanium 


Ti 


47.7 


48.1 


Krypton 


Kr 


81.2 


81.8 


Tungsten 


W 


182.6 


184.0 


Lanthanum 


La 


137.9 


1389 


Uranium 


U 


236.7 


238.5 


Lead 


Pb 


205.35 


206.9 


Vanadium 


V 


50.8 


51.2 


Lithium 


Li 


6.98 


703 


Xenon 


X 


127 


128 


Magnesium 


Mg 


24 18 


24.36 


Ytterbium 


Yb 


1717 


173 


Manganese 


Mn 


54.6 


55o 


Yttrium 


Y 


883 


89.0 


Mercury 


Hg 


1988 


2000 


Zinc 


Zn 


64 9 


65.4 


Molybdenum 


Mo 


953 


960 


Zirconium 


Zr 


89.9 


90.6 


Neodymium 


Nd 


H2.5 


143.6 











1 Also called glucinum. 



2 Also called columbium. 
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THE METRIC SYSTEM. 

In all work in chemistry the metric system of weights 
and measures is used instead of the older ones formerly in 
vogue. It is based upon the meter (39.37 inches) which 
is the unit of length. The hundredth part of this is the 
centimeter and a cube of water at 4 C, each side of which 
is a centimeter, weighs a gramme — the unit of weight. 
One-tenth the length of the meter is a decimeter and a 
cube which has a side of this dimension contains a liter — 
the unit of capacity. The fractions and multiples of these 
are the following : 

Measures of Length. 

10 millimeters (mm.) = 1 centimeter (cm.). 
10 centimeters = 1 decimeter. 

10 decimeters = 1 meter (m.). 

10 meters = 1 decameter. 

10 decameters = 1 hectometer. 

10 hectometers = 1 kilometer. 

Measures of Weight. 

10 milligrammes (mg.) = 1 centigramme. 

10 centigrammes = 1 decigramme. 

10 decigrammes = 1 gramme (g. or gm.). 

10 grammes * = 1 decagramme. 

10 decagrammes = 1 hectogramme. 

10 hectogrammes = 1 kilogramme (kilo.). 

1 The me is often dropped in the names of these denominations. It is 
perhaps preferable that it should be retained to avoid any danger of read- 
ing grain for gram. * 
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Measures of Volume. 

10 milliliters = i centiliter. 

10 centiliters = i deciliter. 

10 deciliters = i liter (1.). 

10 liters = i decaliter. 

10 decaliters == i hectoliter, 

i o hectoliters = i kiloliter. 

In volumetric analysis it is important to remember that 
one cubic centimeter of water weighs one gramme, and 
that a liter contains 1,000 cubic centimeters. A liter of 
water therefore weighs 1,000 grammes or one kilogramme 
(kilo.). 

For conversion into other systems we have : 

I meter a= 39.37 inches. 

1 foot = 0.304 meter. 

t liter t= 61.03 cu. in. = 1.06 U. S. qts. 

1 liter = 33-8i U. S. fluidounces. 

1 gramme = I S-43 grains. 

1 grain = 0.0648 gramme. 

1 ounce (apoth.) =^31.1 grammes. 

1 ounce (avoirdupois) = 28.35 grammes. 

1 pound (apoth.) = 373.2 grammes. 

1 pound (avoirdupois) = 453.6 grammes. 
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A CETATES, 119 
**■ Acetic acid, 119 

ether, 131 
Acetanilid, 142 
Acid, 27 

reaction, 27 
Acids, free, 104 

reactions, 104 

classification, 123 

determination, 170, 171 

identification, 121 

preliminary tests, 121 

separation, 123 
Acidimetry, 165, 170 

standard solutions for, 167 
Acid potassium, tartrate determina- 
tion, 173 
Alcohol, 131, 214 
Alkalimetry, 165, 172, 173 

standard solutions for, 167 
Alkalies, determination, 172, 173 

determination of compounds, 
187 
Alkaline reaction, 27 

earths, 34 

determination,' 184, 187, 
189, 190 

metals, 32 

hydrates and carbonates, dis- 
tinction, 217 
Alkaloids, 145 

general reagents, 145, 146 

separation, 145, 223; 
Alloys, analysis of, 10 1 
Aluminum, reactions, 43, 234 
Ammonium, reactions, 33, 231 

hydrate, reagent, 214 

sulphid, reagent, 214 
Amyl alcohol, 132, 215 
Ammonia in water, 197, 206 
determination, 201 
Analysis by blow-pipe, 229 

by neutralization, 165 

by oxidation, 174 



Analysis by precipitation, 184 

by reduction, 174, 178 
Animal matter in water, 194, 200, 

206 
Antidotes, 30 
Antifebrin, 142 
Antimony, reactions, 78, 232 
Antipyrin, .141 
Arsenates, reactions, 73 
Arsenic acid, reactions, 73 

reactions, 70, 232 

salts, determination, 183 

in milk, 227 

in urine, 227 
Arsenites, reactions, 72 
Arsenous acid, reactions, 72 

oxid, 70 
Arsine, 75 
Atomic weights, 247 
Atropin, 150, 225 

DACTERIA in water, 195, 206 

Barium, reactions, 37, 231 
Base, 27 
Beakers, 14 
Benzene, 129, 215 
Benzine, 129 
Benzoic acid, 137 
Benzol, 129 

Bettendorff's test, 74, 80 
Bicarbonates, 106 
Bink's burette, 157 
Bismuth, reactions, 66, 232 
Blank tests, 212 
Blast lamp, 23 
Blow-pipe flames, 25 

analysis, 229 
Blow-pipes, 25 
Boiler scale, 194 
Boiling point, 17 
Borax bead, 233 
Boric acid, reactions, 109 
Bromids, determination, 185, 188 

reactions, 115 
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Bromin, determination, 181 
Brucin, 149, 225 
Bunsen burner, 22 

flame, 24 
Bnrettes, 159 

PADMIUM, reactions, 67, 233 

Calcium, determination, 189 
reactions, 36, 231 
salts in water, 193, 195, 206 
Calculation of results, 155, 163 
Cane sugar, 141 
Carbon, 231 

dioxid, 106 
Carbonates, acid and normal, 106 

determination, 187 
Carbolic acid, 134 
Carbonic acid, reactions, to6 
Chemical analysis, kinds, 11 

incompatibilities, 29 

solutions, 12 
Citrates, reactions, 120 
Citric acid, reactions, 120 
Chloral hydrate, 136, 221 
Chlorates, reactions, 1 19, 230 
Chloric acids, reactions, 119 
Chlorids, determination, 185, 187, 
189 

reactions, 115 
Chlorin in water, 197, 201, 206 

determination, J 81 
Chloroform, 129, 215, 221 
Chromates, 44, 108 
Chromic acid, reactions, 108 
Chromium, reactions, 44, 234 

salts, 44 
Cobalt glass, 32 

reactions, 51, 234 
Cocain, 151, 224 
Concentrated solutions, 12 
Congo-red, 216 
Copper in coloring matters, 228 

in foods, 228 

in water, 196 

reactions, 65, 234 
Creosote, 134 
Crucibles, 21 
Crystallization, 12 
Crystals, 12 
Cyanids, reactions, 117 

determination, 185, 188 
Cylinders, measuring, 157 

HECANTATION, 21 
^ Deoxidizing flame, 25 



Desiccators, 17 
Dialysis, 217 
Dialyzers, 217 
Dilute solutions, 12 
Distillation, 17, 220 
Dissociation, 28 

ELEMENTS, 247 
Empirical standard solutions, 
161 
Erdmann's float, 161 
Ethyl acetate, 131 

alcohol, 131 
Evaporation, 14 
" Excess," 26 

T^ERRIC compounds, reactions, 49 
* Ferricyan ids, reactions, 114 
Ferrocyanids, reactions, 113 
Ferrous compounds, reactions, 48 

ammonium sulphate, standard 
solution, 176 
Filter-paper, 19, 215 

pump, 20 
Filtrate, 19 
Filtration, 18 
Flame, Bunsen, 24 
Flasks, measuring, 157 
Fleitmann's test for As, 74, 80 
Fqrmaldehyd, reactions, 134 
Fume chamber, 16 
Furnace, 24 
Fusion, 21 

GALLIC acid, 139 
Gastric juice, acidity, 171 
Glass, solubility, 14 
Glucose, reactions, 140 
Glycerin, reactions, 133 
Gold, reactions, 81, 235 
Grape sugar, 140 
Graphite, 231 
Gravimetric analysis, 155 
Griess* test for organic matter, 200, 

206 
Groups of acids, 123-5 
Group I, metals, 93, 97 

II, metals, 65, 83, 87 

III, metals, 43, 52, 55 
Groups III and IV, metals, separa- 
tion, 57, 62 

IV and V, metals, 38, 40- 
separation of metals into, 98 
Gutzeit's test for As, 74, 80 
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UARDNESS of water, 193, 206 
**• Heat, sources of, 22 
Hood, 16, 220 

Hydrates, determination, 187 
Hydr iodic acid, reactions, 116 
Hydrobromic acid, reactions, 116 
Hydrochloric acid, determination, 
188 
normal, 169 
reactions, 115, 216 
as reagent, 213 
Hydrocyanic acid, reactions, 117, 

219 
determination, 188 
Hydroferricyanic acid, reactions, 

114 
Hydroferrocyanic acid, reactions, 

113 
Hydrogen dioxid, determination, 

180 

sulphid, reactions, 112 

as reagent, 214 

in water, 199, 207 

Hydrosulphuric acid, 112 

Hypochlorites, reactions, 114 

determination, 181 

Hypochlorous acid, reactions, 114 

Hypophosphites, reactions, in 

Hypophosphoric acid, reactions, in 

Hyposulphites, reactions, 112 

INCOMPATIBILITY, 29 
*• Indicators, 165, 166 
Iodids, determination, 185 

reactions, 116 
Iodin, determination, 181 

standard solution, 177 
Iodoform, 130 
Ionic theory, 28 
Ions, 28 
Iron, in water, 196, 206 

determination, 179, 181 

reactions, 48, 234 

as standard, 176 

salts, 48 

determination, 181, 182 
Isonitril, 130 
Isocyanid, 130 

T ACTOSE, 141 

*^ Lead, reactions, 93, 232 

Lead in glazing, 228 

in urine, 227 

in water, 196, 228 
Liebig's condenser, 220 
Litmus, 27 



Af AGNESIUM, reactions, 35, 231 
*y* in water, 193, 195, 206 
Manganese, reactions, 46, 233 
Marsh's test for As, 75 
Matrass, 24 

Measuring apparatus, 156 
Meconic acid, 138,' 226 
Melting point, 17 
Meniscus, 160 

Mercuric compounds, determina- 
tion, 190 

reactions, 68 
Mercurous reactions, 95 
Mercury, reactions, 60, 234 

in urine, 227 
Metaphosphates, reactions, :u 
Metaphosphoric acid, reactions, 11 1 
Metallic poisons, 226 
Metals, separation into groups, 98 
Methyl violet, 216 
Metric system, 248 
Milk sugar, 141 
Mineral acids, tests, 216 
Mohr's burette, 157 
Morphin, 147, 225 
Mother-liquor, 13 

MARCOTIN, 148, 225 

*■* Nickel, reactions, 50, 234 

Nitrates, reactions, 1 18 

determination, 187, 190 

in water, 198, 206 

determination, 203 
Nitric acid, reactions, il8, 217 
Nitrites, determination, 202 

reactions, 114 

in water, 198, 206 
Nitrous acid, reactions, 114 
Normal solutions, 161 

ARGANIC COMPOUNDS, 129 
^ matter in water, 194, 200, 204 
destruction, 226 
salts of alkalies, determination, 

172, 173 
Orthophosphates, reactions, no 
Orthophosphoric acid, reactions, 1 10 
Oxalates, reactions, 107 
Oxalic acid, 107, 216, 225 

normal, 169 
Oxidation, 25, 28 

analysis by, 174 
Oxidimetry, 174 
Oxids, determination, 187 
Oxidizing flame, 25 

solutions, standard, 174 
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PETROLEUM ETHER, 129, 215 
* Pharmaceutical incompatibil- 
ity, 29 
Phenacetin, 143 
Phenol, 133, 221 

sulphonic acid, 203 
Phosphates, reactions, no 
Phosphorus, detection, 221 

acids of, no 
Physical solution, n 
Pipettes, 158 
Plaited filters, 19 
Platinum black, 83 

reactions, 83, 235 

substances which attack, 22 
Poisons, 211 
Porcelain dishes, 14 
Potassium, reactions, 32, 231 

chlorate, as reagent, 214 

cyanid, determination, 188 

dichromate, standard solution, 
178 

permanganate, standard solu- 
tion, 174 

sulphocyanate, standard solu- 
tion, 185 
Precipitate, 18 
Precipitation, 17 

analysis by, 184 
Prussian blue, 50 
Purple of Cassius, 82 

QUALITATIVE analysis, 11 
Quantitative analysis, n, 155 
Quinin, 152 

REACTIONS, n, 27 
**■ Reagents, 11 
Reducing flame, 25 
Reduction, 25, 28 
Reinsch's test for As, 74, 79 
Residual titration, 186 
Rubber tubing, 215 

CACCHAROSE, 141 
^ Salicylic acid, 137 
Salol, 143 
Salts, 27 
Sand-bath, 13 
Saturated solutions, 12 
Silicates, 231 
Silver, reactions, 95, 235 

nitrate, standard solutions, 184, 
202 
Solids in water, determination, 201 



Solutions, n 

preparation from solids, 31 
Sodium reactions, 32, 231 

carbonate, normal, 167 

chlorid, determination, 187 

hydrate, normal, 167 
reagent, 214 

thiosulphate, standard solution, 
179 
Sour milk, acidity, 171 
Standard solutions, 161 

preparation, 165 
Stannic compounds, reactions, 81 
Stannous compounds* reactions, 80 
Starch, 138 
Steam-bath, 16 
Strontium, reactions, 37, 231 
Strychnin, 148, 225 
Sugar, cane, 141 

grape, 140 

milk, 141 
Sulphates, reactions, 104, 217 

in water, 197, 206 
Sulphids, reactions, 112,^230 
Sulphites, reactions, 105 
Sulphocyanates, reactions, 114 
Sulphocyanic acid, 114 
Sulphonal, 144 
Sulphur, 230 
Sulphuric acid, reactions, 104, 217 

as reagent, 2 13 
Sulphurous acid, reactions, 105 
Supersaturated solutions, 12 
Symbols of the elements, 247 

THANNIC acid, reactions, 138 
*■ Tannins, 138 
Tartaric acid, reactions, 120 
Test-tubes, 13 

Therapeutic incompatibility, 24 
Thiosulphuric acid, 112 
Tin, reactions, 80, 235 
Toxicology, 211 
Trommer's reaction, 130 

ITEGETABLE matter in water, 
* 194, 200, 206 
Veratrin, 151, 225 
Vinegar, strength, 171 
Volumetric analysis, 155, 156 

WATER, detection, 230 
** distilled, 213 

impurities, 193 

sanitary examination, 193 
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Water, standards, 208 71NC in water, 196 

xxr u- ' X reactions, 46, 235 

Washing, 20 

bottle, 20 

1 • * 
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A modem comprehensive Text-Book. By Edward E. 
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and St. Joseph's Hospitals, etc. Second Edition, Revised 
and Enlarged. 539 Illustrations, many of which are from 
original sources. Octavo. Cloth, #5 .00; Leather, £6.00 

* * This is a systematic modern treatise on Diseases of 
Women. The author's aim has been to produce a book 
that will be thorough and practical in every particular. The 
illustrations, nearly all of which are from original sources, 
have for the most part been drawn by special artists who, 
for a number of months, devoted their sole attention to this 
work. The present edition has been thoroughly revised. 

" The book is one that can be recommended to the student, to 
the general practitioner — who must sometimes be a gynecologist to 
a certain extent whether he will or not — and to the specialist, as an 
ideal and in every way complete work on the gynecology of 
to-day— a practical work for practical workers." — The four' 
nal of the American Medical Association. 

Byford's Gynecology 

Third Revised Edition 
A MANUAL FOR. STUDENTS AND PHYSICIANS 



By Henry T. Byford, m.d., Professor of Gynecology and 
Clinical Gynecology in the College of Physicians and Sur- 
geons of Chicago ; Professor of Clinical Gynecology, 
Women's Medical School of Northwestern University, and 
in Post-Graduate Medical School, etc. Third Edition, En- 
larged. 363 Illustrations, many of which are from original 
drawings and several of which are Colored. i2mo. 

Cloth, $3.00 

" As a book to help the student to quickly review what ought 
to be gotten up, so as to be prepared for the early examination, it is of 
great service. Such a book would also make a most excellent text- 
book for the college class room."— Virgin ia Medical Semi-Monthly t 
Richmond, 

% 



By JAMES TYSON. M.D., 

Professor of Medicine, University of Pennsylvania, 
Physician to the Pennsylvania Hospital, etc. 



The Practice of Medicine. Third Edition. 

A Text-Book for Physicians and Students, with Special Ref- 
erence to Diagnosis and Treatment. With Colored Plates 
and many other Illustrations. Third Edition, Revised and 
Enlarged. 134 Illustrations. 8vo. 1240 pages. 

Cloth, $5.50; Leather, $6.50 

* # *This edition has been entirely reset from new type. 
The author has revised it carefully and thoroughly, and 
added much new material and new illustrations. 

" We are firmly convinced that at the present time Dr. Tyson's 
book on Practice can be most heartily commended to both the practi- 
tioner and student as a sate, reliable, and thoroughly up-to-date guide 
in the practice of medicine." — The Therapeutic Gazette. 

" The clinical descriptions are clear and full, and the methods of 
treatment described are those generally recognized as being the most 
modern and satisfactory." — The London Lancet. 

Guide to the Examination of Urine. Tenth 

Edition. 

For the Use of Physicians and Students. With Colored 
Plate and Numerous Illustrations Engraved on Wood. 
Tenth Edition, Revised, Enlarged, and in many parts entirely 
rewritten. Cloth, #1.50 

* # * A French translation of this book has been pub- 
lished in Paris. 

" The book is probably more widely and generally known and ap- 
preciated than any of its similars in subject and scope." — New York 
Medical Journal. 

"The book is a reliable one, and should find a place in the library 
of every practitioner and student cf medicine." — Boston Medical and 
Surgical Journal. 

Handbook of Physical Diagnosis. Fourth 

Edition. 

Revised and Enlarged. With two Colored Plates and 55 

other Illustrations. 298 pages. i2mo. Cloth, $1.50 

" Like everything else emanating from this distinguished author 
this little book is replete with practical information from beginning to 
end." — The Chicago Medical Recorder. 

" The author approaches his subject from a practical point of 
view and the little work will prove a good friend to the student."-* 
The American Journal of the Medical Science*. 
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NEW THIRD EDITION— NOV READY 



Morris' Anatomy 

Rewritten — Revised — Improved 
WITH MANY NEW ILLUSTRATIONS 

Out of 102 of the leading medical schools 60 recommend 
" Morris." It contains many features of special advantage 
to students. It is modern, up-to-date in every respect. It 
has been carefully revised, the articles on Osteology and 
Nervous System having been rewritten. Each copy con- 
tains the colored illustrations and a Thumb Index. 

Octavo. With 846 Illustrations, of which 267 are 

printed in colors. 

CLOTH. $6.00 1 LEATHER, $7.00 



A Guide to Dissection. Based on "Morris" by S. M. 
Yutzy, M.D., Instructor in Osteology and Demonstrator of 
Anatomy in the University of Michigan, Ann Arbor. Octavo. 

25 cents. 

" The ever-growing popularity of the book with teachers and stu- 
dents is an index of its value, and it may safely be recommended to all 
interested."— From The Medical Record, New York. 



McMurrich — Embryology 

THE DEVELOPMENT OF THE HUMAN BODY 

With 270 Illustrations 

A Text- Book for Medical Students. By J. Playfair 
McMurrich, Professor of Anatomy, Medical Department, 
University of Michigan. 527 pages. Cloth, $3.00 



ttJNTH EDITION 



POTTER'S MATERIA MEDICA, 
PHARMACY, and THERAPEUTICS 



An Exhaustive Handbook 



Including the Action of Medicines, Special Therapeutics of 
Disease, Official and Practical Pharmacy, and Minute Direc- 
tions for Prescription Writing, etc. Including over 650 
Prescriptions and Formulae. By Samuel O. L. Potter, 
M.A., M.D., m.r.c.p. (Lond.), formerly Professor of the 
Principles and Practice of Medicine, Cooper Medical Col- 
lege, San Francisco ; Major and Brigade Surgeon, U. S. 
Vol. Ninth Edition, Revised and Enlarged. 8vo. 
With Thumb Index in each copy. 

Cloth, $5.00 ; Leather, $6.00 

* # *This is the most complete and trustworthy book 
for the use of students and physicians. Students who pur- 
chase it will find it to contain a vast deal of information not 
in the usual text- books arranged in the most practical man- 
ner for facilitating study and reference. It cannot be sur- 
passed as a physician's working book. 

WHITE AND WILCOX. Materia Medica, 
Pharmacy, Pharmacology, and Thera- 
peutics* Fifth Edition. 

A Handbook for Students. By W. Hale White, m.d., 
f.R.cp., etc., Physician to, and Lecturer on Materia 
Medica and Therapeutics at, Guy's Hospital, etc. Fifth 
American Edition, Revised by Reynold W. Wilcox, 
m A , m.d. , ll.d. , Professor of Clinical Medicine and Thera- 
peutics at the New York Post-Graduate Medical School and 
Hospital ; Visiting Physician, St. Mark's Hospital ; Assist- 
ant Visiting Physician, Bellevue Hospital. i2mo. 

Cloth, $3.00 ; Leather, £3.50 
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SUBJECT INDEX. 



Gould's Medical Dictionaries, 
Morris' Anatomy, - 
Compends for Students, - . - 



Pa^es 12, 13 
Page 4 
Page 27 



SUBJBOT. PAQS 

Alimentary Canal (see Sur- 
gery) 24 

Anatomy 7 

Anesthetics 18, 19 

Autopsies (see Pathology) 20 

Bacteriology 8 

Bandaging (see Surgery) . . 24 

Blood, Examination of . . . 8 

Brain 8 

Bright's Disease 26 

Chemistry. Physios 

Children, Diseases of 11 

Climatology 19 

Clinical Charts 25 

Compends 27 

Consumption (see Lungs) . 16 

Cyclopedia of Medicine. . . 13 

Dentistry 11 

Diabetes (see Urin. Organs) 25 

Diagnosis 11 

Diagrams (see Anatomy). 8 

Dictionaries, Cyclopedias. 12 

Diet and Food 13 

Disinfection 16 

Dissectors 7 

Ear 14 

Electricity 14 

Embryology 7 

Emergencies 24 

Eye 14 

Fevers 15 

Food 13 

Formularies 21 

Gynecology 15 

Hay Fever 25 

Heart 15 

Histology 15 

Hydrotherapy 19 

Hygiene 16 

Hypnotism 8 

Insanity 8 

Intestines 23 

Latin, Medical (see Phar- 
macy) 21 

Life Insurance 19 

Lungs 16 

Massage 17 

Materia Medica 17 

Mechanotherapy 17 

Medical Jurisprudence .... 18 



SUBJBCT. PAGE 

Mental Therapeutics 8 

Microscopy 18 

Milk 8,10 

Miscellaneous 18 

Nervous Diseases 19 

Nose 25 

Nursing 20 

Obstetrics 20 

Ophthalmology 14 

Organotherapy 18 

Orthopedic Surgery 25 

Osteology (see Anatomy). 7 

Pathology 20 

Pharmacy 21 

Physical Diagnosis 11 

Physical Training 17 

Physiology 22 

Pneumotherapy 19 

Poisons (see Toxicology) . . 18 

Practice of Medicine 22 

Prescription Books (Phar- 
macy) 21 

Refraction (see Eye) 14 

Rest 19 

Sanitary Science n 16 

Serum-Therapy 17 

Skin 23 

Spectacles (see Eye) 14 

Spine (see Nervous Dis- 
eases) 19 

Stomach 23 

Students' Compends 27 

Surgery ancj Surgical Dis- 
eases 24 

Technological Books . . » . . 9 

Temperature Charts 25 

Therapeutics 17 

Throat 25 

Toxicology 18 

Tropical Medicine 18, 19 

Tumors (see Surgery) .... 24 

U. S. Pharmacopoeia 22 

Urinary Organs 26 

Urine 26 

Venereal Diseases 26 

Veterinary Medicine 26 

Visiting Lists, Physicians'. 
(Send far Circular,) 

Water Analysis 16 

Women, Diseases of 15 



Self-Examination tor Medical Students. 3500 Questions on 
Medical Subjects, with References to Standard Works in which 
the correct replies will be found. Together with Questions 
from State Examining Boards. 8d Ed. Paper Cover, 10 ete. 



SUBJECT CATALOGUE OF MEDICAL BOOKS. 7 

SPECIAL ROTE. — The prices given in this catalogue are 
net; no discount can be allowed retail purchasers under any con- 
sideration. This rule has been established in order that everyone 
will be treated alike, a general reduction in former prices having 
been made to meet previous retail discounts. Upon receipt of 
the advertised price any book will be forwarded by mail or 
express, all charges prepaid. 



ANATOMY. EMBRYOLOGY. 

MORRIS. Text-Book of Anatomy. Third Revised and Enlarged 
Edition. 846 Illustrations, 267 of which are printed in colors. 
Thumb Index in Each Copy. Cloth, $6.00; Leather, $7.00 

BROOMELL. Anatomy and Histology of the Human Mouth 
and Teeth. 2d Edition, Enlarged. 337 IUus. Cloth, $4.50 

DAVISON. Mammalian Anatomy. With Special Reference 
to the Cat. 108 Illustrations. $1.50 

DEAYER. Surgical Anatomy. A Treatise on Anatomy in its 
Application to Medicine and Surgery. With 499 very hand- 
some full-page Illustrations Engraved from Original Drawings 
made by special Artists from dissections prepared for the pur- 
pose. Three vols. By Subscription only. 

Half Morocco or Sheep, $30.00; Half Russia, $33.00 

DEAVER. Surgical Anatomy of Head and Neck. 177 Full-page 
Plates. Royal Octavo. Half Morocco, $12.00 

OORDINIER. Anatomy of the Central Nervous System. With 
271 Illustrations, many of which are original. Cloth, $6.00 

HEATH. Practical Anatomy. 9th Edition. 321 Illus. $4.25 

HOLDEN. Anatomy. A Manual of Dissections. Revised by A. 
Hrwsotf, m.d., Demonstrator of Anatomy, Jefferson Medical 
College, Philadelphia. 320 handsome Illustrations. 7th Ed. 
In two compact 12mo volumes. 850 pages. Large New Type. 
Vol. I. Scalp— Face— Orbit— Neck— Throat— Thorax— Up- 
per Extremity. $1.50 
Vol. II. Abdomen — Perineum — Lower Extremity — Brain — 
Eye — Ear — Mammary Gland — Sorotum — Testes. 

$1.50 

HOLDEN. Human Osteology. Comprising a Description of the 
Bones, with Colored Delineations of the Attachments of the 
Muscles. The General and Microscopical Structure of Bone 
and its Development. With Lithographic Plates and numer- 
ous Illustrations. 8th Edition. $5.25 

HOLDEN. Landmarks, Medical and Surgical. 4th Ed. .75 

HUGHES AND KEITH. Dissections. With 527 Colored Plates 
and other Illustrations. In three parts. 

I, Upper and Lower Extremity. $3.00 

II, Abdomen — Thorax. $3.00 

III, Head — Neck — Central Nervous System. $3.00 

LAZARUS-BARLOW. Pathological Anatomy. 21 Plates and 
171 other Illustrations. $6.50 

McMURRICH. Embryology. The Development of the Human 
Body. 276 Illustrations. $3.00 

7-30-04 
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MARSHALL. Physiological Diagrams. Eleven Life-Siee 
Colored Diagrams (each seven feet by three feet seven inches). 
Designed for Demonstration before the Class. 

In Sheets, Unmounted, $40.00; Backed with Muslin and 
Mounted on Rollers, $60.00; Ditto, Spring Rollers, in hand- 
some Walnut Wall Map Case, $100.00; Single Plates—Sheets, 
$5.00; Mounted, $7.50. Explanatory Key, .50. Purchaser 
must pay freight charges. 

MINOT. Laboratory Text-Book of Embryology. 218 Illustra- 
tions. $4.60 

POTTER. Compend of Anatomy, Including Visceral Anatomy. 
7th Edition. Revised and Enlarged. Numerous Tables, 16 
Plates and 138 other Illustrations. $1.00; Interleaved, $1.25 

TOMES. Dental Anatomy. 6th Edition. Just Ready. $4.00 

WRIGHT. Surgical Anatomy. Just Ready. $1.50 

YUTZY. Guide to the Dissection of the Human Body. Based 
on Morris' Anatomy. Paper Cover, .25 

BACTERIOLOGY. 

CONII. Agricultural Bacteriology. Including the Study of 
Bacteria as relating to Agriculture, Soil, Dairy and Food 
Products, Sewage, Domestic Animals, etc. Illustrated. $2.50 

CONN. Bacteria in Milk and Its Products. Designed for 
Students of Dairying, Boards of Health, Bacteriologists, etc. 
Illustrated. $1.25 

EMERY. Bacteriological Diagnosis. 2 Colored Plates and 32 
other Illustrations. $1.50 

HEWLETT. Manual of Bacteriology. 75 Illustrations. Second 
Edition, Revised and Enlarged. $4.00 

HEWLETT. Serum-Therapy. Bacteriological Therapeutics 
and Vaccines. Illustrated. ' $1.75 

SMITH. Laboratory Exercises in Bacteriology. Illus. $1.50 

WILLIAMS. Bacteriology. A Manual for Students. 09 Illus- 
trations. 3d Edition, Revised. $1.75 

BLOOD, Examination of. 

DA COSTA. Clinical Hematology. A Practical Guide to the 
Examination of the Blood, with Reference to Diagnosis. Six 
Colored Plates and 48 other Illus. Cloth, $5.00 ; Sheep, $6.00 

BRAIN AND INSANITY (see also 
Nervous Diseases.) 

BARR. Mental Defectives. Illustrated. Just Ready. $4.00 

BLACKBURN. A Manual of Autopsies. Designed for the Use 
of Hospitals for the Insane. Illustrated. $1.25 

CHASE. General Paresis. Illustrated. $1.75 

DERCUM. Mental Therapeutics, Rest, Suggestion. Set Cohen, 
Physiologic Therapeutics, page 17. 

GORDINIER. The Gross and Minute Anatomy of the Central 
Nervous System. With full-page and other Illus. $6.00 



MEDICAL BOOKS. 



IRELAND. The Mental Affections of Children. 2d Ed. $4.00 

LEWIS (BE VAN). Mental Diseases. A Text-Book having 
Special Reference to the Pathological Aspects of Insanity. 26 
Lithographio Plates and other illustrations. 2d Ed. $7.00 

MANN. Manual of Psychological Medicine. $3.00 

PERSHING. Diagnosis of Nervous and Mental Disease. $1.25 

REGIS. Mental Medicine. By H. M. Bannistbr. mj>. $2.00 

SCHOFIELD. Unconscious Therapeutics. Just Ready. $1.50 

STEARNS. Mental Diseases. With a Digest of Laws Relating 
to Care of Insane. Illustrated. Cloth, $2.75; Sheep, $3.25 

TTJKE. Dictionary' of Psychological Medicine. Giving the 
Definition of Terms and the Symptom?, Pathology, and 
Treatment of Mental Disorders. Two volumes. $10.00 

WOOD, H. C. Brain and Overwork. .40 

CHEMISTRY AND TECHNOLOGY. 

Special Catalogue of Chemical Books sent free upon application. 

ALLEN. Commercial Organic Analysis. A Treatise on the 
Modes of Assaying the Various Organic Chemicals and Prod- 
ucts Employed in the Arts, Manufactures, Medicine; etc., 
with Concise Methods for the Detection of Impurities, Adul- 
terations, etc. 8vo. 

Vol. I. Alcohols, Neutral Alcoholic Derivatives, etc., Ethers 
Vegetable Acids, Starch, Sugars, etc. 3d Edition. $4.50 
Vol. II, Part I. Fixed Oils and Fats, Glycerol, Explosives, 
etc. 3d Edition. $3.50 

Vol. II, Part II. Hydrocarbons, Mineral Oils, Lubricants, 
Bensenes, Naphthalenes and Derivatives, Creosote, Phenols, 
etc. 3d Edition. $3.50 

Vol. II, Part III. Terpenes, Essential Oils, Resins, Camphors, 
etc. 3d Edition. In Press. 

Vol. Ill, Part I. Tannins, Dyes, and Coloring Matters. 3d 
Edition, Enlarged and Rewritten. Illustrated. $4.50 
Vol. Ill, Part II. The Amines, Hydrazines and Derivatives, 
Pyridine Bases. The Antipyretics, etc. Vegetable Alka- 
loids, Tea, Coffee, Cocoa, etc. 8vo 2d Edition. $4.50 
Vol. Ill, Part III. Vegetable Alkaloids, Non-Basic Vegetable 
Bitter Principles. Animal Bases, Animal Acids, Cyanogen 
Compounds, etc. 2d Edition, 8vo. $4.50 

Vol. IV. The Proteids and Albuminous Principles. 2d 
Edition. $4.50 

BAILEY AND CADY. Qualitative Chemical Analysis. $1.25 

BARTLEY. Medical and Pharmaceutical Chemistry. A Text- 
Book for Medical, Dental, and Pharmaceutical Students. With 
Illustrations, Glossary, and Complete Index. 5th Ed. $3.00 

BARTLEY. Clinical Chemistry. The Examination of Feces, 
Saliva, Gastric Juice, Milk, and Urine. New Edition. In Press. 

BLOXAM. Chemistry, Inorganic and Organic. With Experi- 
ments. 9th Ed., Revised. 284 Engravings. $6.00 

BUNGS. Physiologic and Pathologic Chemistry. From the 
Fourth German Enlarged Edition. $3.00 

CALDWELL. Elements of Qualitative and Quantitative Chem- 
ical Analysis. 3d Edition, Revised. $1.00 
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10 SUBJECT CATALOGUE. 

CAMERON. Soap and Candles. 54 Illustrations. $2.00 

CLOWES AND COLEMAN. Quantitative Analysis. 6th Edi- 
tion. 125 Illustrations. $3.50 

COBLENTZ. Volumetric Analysis. Illustrated. $1.25 

CONODON. Laboratory Instructions in Chemistry. With 
Numerous Tables and 56 Illustrations. $1.00 

GARDNER. The Brewer, Distiller, and Wine Manufacturer. 
Illustrated. $1.50 

GRAY. Physics. Volume I. Dynamics and Properties of 
Matter. 350 Illustrations. $4.50 

GROVES AND THORP. Chemical Technology. The Applica- 
tion of Chemistry to the Arts and Manufactures. 
Vol. I. Fuel and its Applications. 607 Illustrations and 4 
Plates. Cloth, $5.00; i Mor., $6.50 

Vol.11. Lighting. Illustrated. Cloth, $4.00 ; i Mor., $5.50 
Vol. III. Gas Lighting. Cloth, $3.50; i Mor., $4.50 

Vol. IV. Electric Lighting. Photometry. 

Cloth, $3.50; i Mor., $4.50 

HEUSLER. The Chemistry of the Terpenes. $4.00 

HOLLAND. The Urine, the Gastric Contents, the Common 
Poisons, and the Milk. Memoranda, Chemical and Micro- 
scopical, for Laboratory Use. 7th Ed. Illustrated. $1.00 

LEFFMANN AND LA WALL. Organic Chemistry. In Press 

LEFFMANN. Compend of Medical Chemistry, Inorganic and 
Organic. 4th Edition, Revised. $1.00; Interleaved, $1.25 

LEFFMANN. Analysis of Milk and Milk Products. 2d Edition, 
Enlarged. Illustrated. $1.25 

LEFFMANN. Water Analysis. For Sanitary and Technic Pur- 
poses. Illustrated. 5th Edition. Just Ready. $1.25 

LEFFMANN. Structural Formulas. Including ISO Structural 
and Stereo-Chemical Formulae. 12mo. Interleaved. $1.00 

LEFFMANN AND BEAM. Select Methods in Food Analysis. 
Illustrated. 2d Edition. In Press. 

MEMMTNGER. Qualitative Chemical Analysis. 2d Edition. 

In Press. 

MUIR. Elements of Chemistry. 26 Illus. Just Ready. $3.50 

MUTER. Practical and Analytical Chemistry. 3d American 
from the Ninth English Edition. Revised to meet the re- 
quirements of American Students. 56 Illustrations. $1.25 

OETTEL. Exercises in Electro- Chemistry. Illustrated. .75 

OETTEL. Electro-Chemical Experiments. Illustrated. .75 

RICHTER. Inorganic Chemistry. 5th American from 10th 
German Edition. Authorised translation by Edgar F. Smith, 
if. a , ph.d. 80 Illustrations and a Colored Plate. $1.75 

RICHTER. Organic Chemistry. 3d American Edition, trans- 
lated from the 8th German by Edgar F. Smith. Illus. 2 vols. 
Vol. I. Aliphatic Series. 625 pages. $3.00 

Vol. II. Carbocyclic Series. 671 pages. $3.00 

ROCKWOOD. Chemical Analysis tor Students of Medicine, 
Dentistry, and Pharmacy. Illustrated. $1.50 

SMITH. Electro-Chemical Analysis. 3d Ed. 30 Illus. $1.50 

SMITH AND KELLER. Experiments. Arranged for Students 
in General Chemistry. 5th Edition. Illustrated. .60 

SUTTON. Volumetric Analysis. A Systematic Handbook for 
the Quantitative Estimation of Chemical Substances by 
Measure, Applied to Liquids, Solids, and Gases. 9th Edition, 
Revised. 121 Illustrations. Just Ready. $5.00 

TRAUBE. Physico-Chemical Methods. 97 Illustrations. $1.60 
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ULZER AND FRAENKEL. Chemical Technical Analysis. 
Translated by Fleck. Illustrated. $1.25 

WOODY. Essentials of Chemistry and Urinalysis. 4th Edition. 

Illustrated. $1.60 

%* Special Catalogue of Book* on Chemistry free upon application. 

CHILDREN. 

BARR. Mental Defectives. Illustrated. Juet Ready. $4.00 

HATFIELD. Compend of Diseases of Children. With a 
Colored Plate. 3d Ed. . $1.00; Interleaved, $1.25 

IRELAND. The Mental Affections of Children. Idiocy, Im- 
becility, Insanity, etc. 2d Edition. $4.00 

POWER. Surgical Diseases of Children and their Treatment 
by Modern Methods. Illustrated. $2.50 

STARR. The Digestive Organs in Childhood. The Diseases of 
the Digestive Organs in Infancy and Childhood. 3d Edition, 
Rewritten and Enlarged. Illustrated. $3 00 

STARR. Hygiene of the Nursery. Including the General Regi- 
men and Feeding of Infants and Children, and the Domestic 
Management of the Ordinary Emergencies of Early Life, 
Massage, etc. 6th Edition. 25 Illustrations. $1.00 

TAYLOR AND WELLS. The Diseases of Children. -2d Edition, 
Revised and Enlarged. Illustrated. 8vo. $4.50 

DIAGNOSIS. 

BERRY. Surgical Diagnosis. Just Ready. $2.00 

DA COSTA. Clinical Hematology. A Practical Guide to Exam- 
ination of Blood, with Reference to Diagnosis. 6 Colored 
Plates, 48 other Illustrations. Cloth, $5.00; Sheep, $6.00 

DOUGLAS. Surgical Diseases of Abdomen, with Reference to 
Diagnosis. 20 Full-Page Plates. Cloth, $7.00 ; Sheep, $8.00 

EMERY. Bacteriological Diagnosis. Illustrated. $1.50 

MEMMINGER. Diagnosis by the Urine. 2d Ed. 24Illus. $1.00 

PERSHING. Diagnosis of Nervous and Mental Diseases. 
Illustrated. $1.25 

STEELL. Physical Signs of Pulmonary Disease. $1.25 

TYSON. Handbook of Physical Diagnosis. For Students and 
Physicians. By the Professor of Clinical Medicine in the Uni- 
versity of Pennsylvania. Illus. 4th Ed., Improved and En- 
larged. With 2 Colored and 55 other Illustrations. $1.50 

DENTISTRY. 

Special Catalogue of Dental Books sent free upon application. 

BARRETT. Dental Surgery for General Practitioners and 
Students of Medicine and Dentistry. Extraction of Teeth, 
•te. 3d Edition. Illustrated. $1.00 

BROOMELL. Anatomy and Histology of the Human Mouth 
and Teeth. Second Edition, Revised and Enlarged. 337 
handsome Illustrations. Cloth, $4.50; Leather, $5.50 
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FILLEBROWN. Operative Dentistry. Illustrated. 92.25 

GORGAS. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 7th Edition. Cloth, 94.00; Sheep,$5.00 

GORGAS. Questions and Answers for the Dental Student. 
Embracing all the subjects in the Curriculum of the Dental 
Student. Octavo. $6.00 

HARRIS. Principles and Practice of Dentistrv. Including 
Anatomy, Physiology, Pathology; Therapeutics, Dental Sur- 
gery, and Mechanism. 13th Edition. Revised by F. J. S. 
Goroas, m.d., d.d.s. 1260 Illus. Cloth, $6.00; Leather, $7.00 

HARRIS. Dictionary of Dentistry. Including Definitions of Such 
Words and Phrases of the Collateral Sciences as Pertain to the 
Art and Practice of Dentistry. 6th Edition, Revised and 
Enlarged by Fbrdinand J. S. Goroas, m.»., ».d.s. 

Cloth, $5.00; Leather, $6.00 

RICHARDSON. Mechanical Dentistry. 7th Edition. Thor- 
oughly Revised and Enlarged by Dr. Gao. W. Warrkn. 691 
Illustrations. Cloth, $5.00; Leather, $6.00 

SMITH. Dental Metallurgy. 2d Edition. Illustrated. $2.00 

TAFT. Index of Dental Periodical Literature. $2.00 

TOMES. Dental Anatomy. 263 Illustrations. 6th Ed. $4.00 

TOMES. Dental Surgery. 4th Edition. 289 Illus. $4.00 

WARREN. Compend of Dental Pathology and Dental Medicine. 
With a Chapter on Emergencies. 4th Edition. Illustrated. 

$1.00; Interleaved, $1.25 

WARREN. Dental Prosthesis and Metallurgy. 129 Illus. New 
Edition, Enlarged and Revised. Nearly Ready. 

WHITE. The Mouth and Teeth. Illustrated. .40 

DICTIONARIES. CYCLOPEDIAS. 

GOULD. The Illustrated Dictionary of Medicine, Biology, and 
Allied Sciences. Being an Exhaustive Lexicon of Medicine and 
those Sciences Collateral to it: Biology (Zoology and Botany), 
Chemistry, Dentistry, Pharmacology, Microscopy, etc., with 
many useful Tables and numerous fine Illustrations. 1633 
pages. Fifth Edition. 

Sheep or Half Morocco. $10.00: with Thumb Index, $11.00 

Half Russia, Thumb Index, $12.00 

GOULD. Dictionary of New Medical Terms. Being a Supple- 
ment to '* Gould's Illustrated Dictionary," consisting of up- 
wards of 700 double-column pages and containing many 
thousand new terms and definitions. In Press. 

GOULD. The Medical Student's Dictionary, nth Edition. Il- 
lustrated. Including those Words and Phrases generally used 
in Medioine, with their Proper Pronunciation and Definition, 
Based on Recent Medical Literature. With Table of Epo- 
nymio Terms and Tests and Tables of the Bacilli, Micrococci, 
Mineral Springs, etc., of the Arteries. Muscles, Nerves. Ganglia, 
Plexuses, etc. Eleventh Edition. Enlarged and illustrated 
with a large number of Engravings. 840 pages. 

Half Morocco, $2.50; with Thumb Index, $3.00 
Flexible Leather, Burnished Edges, Thumb Index, $3.50 
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GOULD. The Pocket Pronouncing Medical Lexicon. 4th Edi- 
tion. (30.000 Medical Words Pronounced and Defined.) Con- 
taining all the Words, their Definition and Pronunciation, 
that the Medical, Dental, or Pharmaceutical Student Gener- 
ally Cornea in Contact with; also Elaborate Tables of Epo- 
nymic Terms, Arteries, Muscles, Nerves, Bacilli, etc., etc., a 
Dose List in both English and Metric Systems, etc., Arranged 
in a Most Convenient Form for Reference and Memorising. 
Fourth Edition, Revised and Enlarged. 838 pages. 
Full Limp Leather, Gilt Edjres, $1.00; Thumb Index, $1.25 
165,000 Copies of Gould's Dictionaries have been sold. 

GOULD AND PYLE. Cyclopedia of Practical Medicine and 
Surgery. Seventy-two Special Contributors. Illustrated. One 
Volume. A Concise Reference Handbook of Medicine, Sur- 
gery, Obstetrics, Materia Medica, Therapeutics, and the Vari- 
ous Specialties, with Particular Reference to Diagnosis and 
Treatment. Compiled under the Editorial Supervision of 
Gborob M. Gould, m.d., Author of "An Illustrated Dictionary 
of Medicine," etc.; and Walter L. Ptlr, m.d., Assistant 
Surgeon Wills Eye Hospital; formerly Editor "International 
Medical Magazine," etc., and Seventy-two Special Contribu- 
tors. With many Illustrations. Large Square 8vo, uniform 
with Gould's "Illustrated Dictionary- 
Full Sheep or Half Mor., $10.00; with Thumb Index, $11.00 

Half Russia, Thumb Index, $12.00 net. 

GOULD AND PYLE. Pocket Cyclopedia of Medicine and Sur- 
gery. Based upon above book. Uniform in sise with "Gould's 
Pocket Dictionary." Full Limp Leather. Gilt Edges, $1.00 

With Thumb Index, $1.25 

HARRIS. Dictionary of Dentistry. Including Definitions of 
Such Words and Phrases of the Collateral Sciences as Pertain 
to the Art and Practice of Dentistry. 6th Edition, Revised 
and Enlarged by Ferdinand J. S. Gorgas, m.d., d.d.s. 

Cloth, $5.00; Leather, $6.00 

HYATT-WOOLF. The Optical Dictionary. Just Ready. $1.00 

LONGLEY. Pocket Medical Dictionary. Cloth, .75 

TREVES AND LANG. German-English Medical Dictionary. 

Half Calf, $3.25 

DIET AND FOOD. 

BURNETT. Foods and Dietaries. A Manual of Clinical Diet- 
etics, with Diet Lists for Various Diseases, etc. 4th Ed. 

In Press. 

DAVIS. Dietotherapy. Food in Health and Disease. With 
Tables of Dietaries, Relative Value of Foods, etc. See Cohen, 
Physiologic Therapeutics, page 17. 

GREENISH. Microscopical Examination of Foods and Drugs. 
Illustrated. $3.50 

HAIG. Diet and Food. Considered in Relation to Strength and 
Power of Endurance. 4th Edition. $1.00 

HALL. The Purin Bodies of Food Stuffs. Just Ready. $1.50 

LEFFMANN. Select Methods in Food Analysis. 2d Edition. 
Illustrated. In Press. 

SCHREINER. Diet Lists. Arranged in the form of charts. 

100 sheets $1.00; 1000 sheets $7.50 
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EAR (see also Throat and Nose). 

BURNETT. Hearing and How to Keep It. Illustrated. .40 

HOVELL. Diseases of the Ear and Naso-Pharynx. ■ Including 
Anatomy and Physiology of the Organ, together with the 
Treatment of the Affections of the Nose and Pharynx which 
Conduce to Aural Disease. 128 Illustrations. 2d Ed. $5.50 

PRITCHARD. Diseases of the Ear. 4th Edition, Enlarged. 

Manv Illustrations and Formulas. In Press. 

WHITING. The Modern Mastoid Operation. Full-page Plates. 

In Press. 

ELECTRICITY. 

BIGELOW. Plain Talks on Medical Electricity and Batteries. 

With a Therapeutic Index and a Glossary. 43 Illustrations. 

2d Edition. SI. 00 

HEDLEY. Therapeutic Electricity and Practical Muscle Testing. 

99 Illustrations. $2.50 

JACOBY. Electrotherapy. 2 volumes. Illustrated. Sec Cohen, 

Physiologic Therapeutics, page 17. 
JONES. Medical Electricity. 4th Ed. 117 Illua. In Press. 

EYE. 

A Special Circular of Books on the Bye sent free upon application. 
DARIER. Ocular Therapeutics. Just Beady, $3.00 

DONDERS. The Nature and Consequences of Anomalies of 
Refraction. With Portrait and Illus. Half Morocco, $1.25 

FICK. Diseases of the Eye and Ophthalmoscopy. Translated 
by A. B. Hals, m.d. 157 Illus. Cloth, $4.50; Sheep, $5.50 

GOULD AND PYLE. Compend of Diseases of the Eye and Re- 
fraction. Including Treatment and Operations, and a Section 
on Local Therapeutics. With Formulae, Useful Tables, a 
Glossary, and 111 Illus., several of which are in colors. 2d 
Edition, Revised. Cloth, $1.00; Interleaved, $1.25 

GOWERS. Ophthalmoscopy. 4th Edition. Illus. In Press. 

GREEFF. The Microscopic Examination of the Eye. Illus- 
trated. $1.25 
HARLAN. Eyesight, and How to Care for It. Illus. .40 

HARTRIDGE. On the Ophthalmoscope. 4th Edition. With 
4 Colored Plates and 08 Wood-outs. $1 .50 

HARTRIDGE. Refraction. 104 Illustrations and Test Types. 
12th Edition, Enlarged. $1.50 

HANSELL AND SWEET. Treatise on Diseases of the Eye. 
Colored Plates and 253 Illustrations. $4.00 

HANSELL AND REBER. Muscular Anomalies of the Eye. 
Illustrated. $1.50 

HENDERSON. Lessons on the Eye. 138 Illus. 3d Ed. $1.50 

HYATT-WOOLF. The Optical Dictionary. Just Beady. $1.00 

JENNINGS. Manual of Ophthalmoscopy. 95 Illustrations and 
1 Colored Plate. $1.50 

MORTON. Refraction of the Eye. Its Diagnosis and the Cor- 
rection of its Errors. 7th Edition. In Press 

OHLEMANN. Ocular Therapeutics. Authorised Translation, 
and Edited by Da. Charlbs A. Oltvbr. $1.75 
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PARSONS. Elementary Ophthalmic Optics. With Diagram- 
matic Illustration* $2 00 

PHILLIPS. Spectacle! and Eyeglasses. Their Prescription 
and Adjustment. 3d Edition. 52 Illustrations. $1.00 

SWANZY. Diseases of the Eye and Their Treatment. 8th 
Edition, Revised and Enlarged. 168 Illustrations, 1 Plain 
Plate and a Zephyr Test Card. $2.50 

THORINGTON. Retinoscopy. 4th Edition, Carefully Revised. 
Illustrated. $1.00 

THORINGTON. Refraction and How to Refract. 215 Illustra- 
tions, 13 of which are colored. 3d Edition. Just Ready. $1.50 

WORTH. Squint : Its Causes, Pathology, Treatment. $2.00 

WRIGHT. Ophthalmology. 2d Edition, Revised and Enlarged. 
117 Illustrations and a Glossary. $3.00 



FEVERS. 

GOODALL AND WASHBOURN. Fevers and Their Treatment. 
Illustrated. $3.00 

WILCOX. •Fever Nursing. Illustrated. Just Ready. $1.00 



GYNECOLOGY. 

BYFORD (H. T.). Manual of Gynecology. 3d Edition, Revised 
and Enlarged. 363 Illustrations. $3.00; Sheep, $3.50 

FULLERTON. Surgical Nursing. 3d Edition, Revised and 
Enlarged. 60 Illustrations. $1.00 

GALABIN. Diseases of Women. Sixth Edition. By Alfred 
Lewis Galabin, m.a., m.d., f.r.c.p. 6th Edition, Revised 
and Enlarged. 284 Illustrations. Octavo. Cloth, $5.00 

MONTGOMERY. Practical Gynecology. A Complete Sys- 
tematic Text-Book. 2d Edition, Revised and Enlarged. 
With 530 Illus. Cloth, $5.00; Leather, $6.00 

ROBERTS. Gynecological Pathology. With 127 Full-page 
Plates containing 151 Figures. $6.00 

WELLS. Compend of Gynecology. 145 Illustrations. 3d Edition, 
Revised and Enlarged. $1.00; Interleaved, $1.25 



HEART. 

TH0R5E. The Schott Method, of the Treatment of Chronic 
Heart Disease. Fourth Edition. Illustrated. J2.00 



HISTOLOGY. 

CUSHING. Compend of Histology. By H. H. Cdshino, m.d., 
Demonstrator of Histology, Jefferson Medical College, Phila- 
delphia. Illus. Nearly Ready. $1.00; Interleaved, $1.25 

LAZARUS-BARLOW. Pathological Anatomy and Histology. 
Illustrated. $6.50 
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STIRLING. Outlines of Practical Histology. 368 Illustrations. 
2d Edition, Revised and Enlarged. With new Illua. $2.00 

STOHR. Histology and Microscopical Anatomy. Edited by 
A. Schapbr, m.d.. University of Breslau, formerly Demon- 
strator of Histology, Harvard Medical School. Fifth Amer- 
ican from 10th German Edition, Revised and Enlarged. 353 
Illustrations. $3.00 

HYGIENE. 

CONN. Agricultural Bacteriology. Illustrated. $2.50 

CONN. Bacteriology of Milk and Milk Products. Illus. $1.25 

COPLIN. Practical Hygiene. A Complete American Text- 
Book. 138 Illustrations. New Edition. Preparing. 

HARTSHORNR. Our Homes. Illustrated. .40 

KENWOOD. Public Health Laboratory Work. 116 Illustra- 
tions and 3 Plates. $2.00 

LEFFMANN. Select Methods in Food Analysis. 53 Illustra- 
tions and 4 Plates. 2d Edition. In Press. 

LEFFMANN. Examination of Water for Sanitary and Technical 
Purposes. 5th Edition. Illustrated. Just Ready. $1 .25 

LEFFMANN. Analysis of Milk and Milk Products. Illustrated. 
Second Edition. $1.25 

LINCOLN. School and Industrial Hygiene. .40 

McFARLAND. Prophylaxis and Personal Hygiene. Care of 
the Siok. See Cohen, Physiologic Therapeutics, page 17. 

HOTTER. The Theory and Practice of Hygiene. 15 Plates and 
138 other Illustrations. 8vo. 2d Edition. $7.00 

PARKES AND KENWOOD. Hygiene and Public Health. 2d 
Edition, Enlarged. Illustrated. $3.00 

ROSENAU. Disinfection and Disinfectants. Illus. $2.00 

STARR. The Hygiene of the Nursery. Including the General 
Regimen and Feeding of Infants and Children, and the Domes- 
tic Management of the Ordinary Emergencies of Early Life, 
Massage, etc. 6th Edition. 25 Illustrations. $1.00 

STEVENSON AND MURPHY. A Treatise on Hygiene. By 
Various Authors. In three octavo volumes. Illustrated. 

Vol. I, $6.00; Vol. II, $6.00; Vol. Ill, $5.00 

THRESH. Water and Water Supplies. 3d Edition. $2.00 

THRESH. Examination of Water and Water Supplies. In Press. 

WILSON. Handbook of Hygiene and Sanitary Science. With 
Illustrations. 8th Edition. $3.00 

WEYL. Sanitary Relations of the Coal-Tar Colors. Authorized 
Translation by Hmnbt Lbffmann, m.d., ph.d. $1.25 



LUNGS AND PLEURJE. 

KNOPF. Pulmonary Tuberculosis. Its Modern Prophylaxis and 
Treatment in Special Institutions and at Home. Illus. $3.00 

STEELL. Physical Signs of Pulmonary Disease. Illus. $1.25 
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MASSAGE. PHYSICAL EXERCISE. 

GULICK. Physical Education by Muscular Exercise. Illus- 
trated. Just Ready. .75 

OSTROM. Massage and the Original Swedish Movements. 
Their Application to Various Diseases of the Body. A Manual 
for Students, Nurses, and Physicians. Fifth Edition, En- 
larged. 115 Illustrations, many of which are original. $1.00 

MITCHELL AND GULICK. Mechanotherapy. Exercise, Ortho- 
pedics, Massage, Ocular Corrections, etc Illustrated. See 
Cohen, Physiologic Therapeutic*, below. Just Ready. 

TREVES. Physical Education. Ita Value, Methods, etc. .75 

MATERIA MEDICA AND THERAPEUTICS. 

BRACKEN. Outlines of Materia Medica and Pharmacology. $2.75 

COBLENTZ. The Newer Remedies. Including their Synonyms, 
Sources, Methods of Preparation, Testa, Solubilities, Doses, 
etc. 3d Edition, Enlarged and Revised. $1.00 

COHEN. Physiologic Therapeutics. Methods other than Drug- 
Giving useful in the Prevention of Disease and in the Treat- 
ment of the Siok. Mechanotherapy, Mental Therapeutics, 
Suggestion, Electrotherapy, Climatology, Hydrotherapy, 
Pneumatotherapy, Prophylaxis, Dietetics, Organotherapy, 
Phototherapy, Mineral Waters, Baths, eto. 11 volumes, 8vo. 
Illustrated. (Subscription.) Cloth, $27.50; i Mor., $38.50 
Special Descriptive Circular will be sent upon application. 

OOROAS. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 7th Edition, Revised. $4.00 

6R0FF. Materia Medica for Nurses, with Questions for Self- 
Examination. 2d Edition, Revised and Improved. $1.25 

HELLER. Essentials of Materia Medica, Pharmacy, and Pre- 
scription Writing. $1.50 
HEWLETT. Serum-Therapy, Vaccines, etc. $1.75 

POTTER. Handbook of Materia Medica, Pharmacy, and Thera- 
peutics, including the Action of Medicines, Special Therapeu- 
tics, Pharmacology, etc., including over 600 Prescriptions and 
Formula). 9th Edition, Revised and Enlarged. With Thumb 
Index in each copy. Cloth, $5.00 ; Sheep, $6.00 

POTTER. Compend of Materia Medica, Therapeutics, and Pre- 
scription Writing, with Special Reference to the Physiological 
Action of Drugs. 6th Edition. $1.00; Interleaved, $1.25 

MURRAY. Rough Notes on Remedies. 4th Edition, $1.25 

SAYRE. Organic Materia Medica and Pharmacognosy. An 
Introduction to the Study of the Vegetable Kingdom and the 
Vegetable and Animal Drugs. Comprising the Botanical and 
Physical Characteristics, Source, Constituents, and Pharma- 
copeial Preparations, Insects Injurious to Drugs, and Pharma- 
cal Botany. With sections on Histology and Microtechnique, 
by W. C. Ststsns. 374 Illustrations, many of which are 
original. 3d Edition. In Press. 

SCHOFIELD. Unconscious Therapeutics. Just Ready. $1.50 

SCOVILLE. The Art of Compounding. 3d Edition, Revised 
and Enlarged. Just Ready. $2.50 
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TAVERA. Medicinal Plants of the Philippines. $2.00 

WHITE AND WILCOX. Materia Medica, Pharmacy, Pharma- 
cology, and Therapeutics. 5th American Edition, Revised by 
Reynold W. Wilcox, m.a., m.d., ll.d., Professor of Clinical 
Medicine and Therapeutics at the New York Post-Graduate 
Medical School. Cloth, $3.00 ; Leather, $3.50 

MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. 

AUTENRIETH. The Detection of Poisons. Illus. In Press. 

REESE. Medical Jurisprudence and Toxicology. A Text-Book 
for Medica) and Legal Practitioners and Students. 6th 
Edition. Revised by Hbnry Leffmann. m.d. 

Cloth, $3.00; Leather, $3.50 

TANNER. Memoranda of Poisons. Their Antidotes and Tests. 
0th Edition, by Dr. Hbnry Leffmann. .75 

MICROSCOPY. 

CARPENTER. The Microscope and Its Revelations. 8tb 
Edition, Revised and Enlarged. 817 Illustrations and 23 
Plates. Cloth, $8.00; Half Morocco, $9.00 

GREENISH. Microscopical Examination of Foods and Drugs. 
Illustrated. $3.50 

LEE. The Microtomist's Vade Mecum. A Handbook of 
Methods of Microscopical Anatomy. 887 Articles. 5th 
Edition, Enlarged. $4.00 

OERTEL. Medical Microscopy. A Guide to Diagnosis, Ele- 
mentary Laboratory Methods and Microscopic Technic. 131 
Illustrations. $2.00 

REEVES. Medical Microscopy, including Chapters on Bacteri- 
ology, Neoplasms, Urinary Examination, etc. Numerous 
Illustrations, some of which are printed in colors. $2.50 

WETHERED. Medical Microscopy. A Guide to the Use of the 
Microscope in Practical Medicine. 100 Illustrations. $2.00 

MISCELLANEOUS. 

BERRY. Diseases of Thyroid Gland. Illustrated. $4.00 

BUXTON. Anesthetics. Illustrated. 4th Edition. In Press. 

COHEN. Organotherapy. See Cohen, Physiologic Therapeutics, 
page 17. 

DANIEL. Laboratory Methods in Tropical Medicine. 4 Colored 
Plates and 127 other Illustrations. Just Ready. $4.00 

FRENKEL. Tabetic Ataxia. Illustrated. $3.00 

GOULD. Borderland Studies. Miscellaneous Essays. 12mo. $2.00 

GOULD. Biographic Clinics. Volume I. The Origin of the 
Ill-Health of DeQuinoy, Carlyle, Darwin, Huxley, and 
Browning. $1.00 

GOULD Biographic Clinics. Volume II. The Origin of the 
Ill-Health of Wagner, Parkman, Mrs. Carlisle, Spencer, 
Whittier, Ossoli, George Eliot, and Nietsche. $1.00 
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GREENE. Medical Examination for Life Insurance. Illus. 
With colored and other Engravings. 2d Edition. In Press. 

HAIO. Causation of Disease by Uric Acid. The Pathology of 
High Arterial Tension, Headache, Epilepsy, Qout, Rheuma- 
tism, Diabetes, Bright's Disease, etc. 6th Edition. $3.60 

HAIG. Epitome of the above book for general readers. Just 
Ready. $1.00 

HENRY. A Practical Treatise on Anemia. Half Cloth, .50 

OSGOOD. The Winter and Its Dangers. .40 

OSLER. Essays and Addresses. In Press. 

PACKARD. Sea Air and Sea Bathing. .40 

RICHARDSON. The Thyroid and Parathyroid Glands. Illus- 
trated. In Press. 

RICHARDSON. Long Life and How to Reach It. .40 

ST. CLAIR. Compend of Medical Latin. 2d Edition. $1.00 

SCHEUBE. Diseases of Warm Countries. Illustrated. $8.00 

TISSIER. Pneumotherapy. Aerotherapy, Inhalation Methods. 
See Cohen, Physiologic Therapeutics, page 17. 

TURNBULL. Artificial Anesthesia. 4th Ed. Illus. $2.50' 

WARDEN. The Paris Medical School. Paper, .75 

WEBER AND HINSDALE. Climatology .and Health Resorts. 
Including Mineral Springs. 2 vols. Illustrated with Colored 
Maps. See Cohen, Physiologic Therapeutics, page 17. 

WILSON. The Summer and Its Diseases. .40 

• 

WINTERNITZ. Hydrotherapy* Thermotherapy, Phototherapy. 
Mineral Waters* Baths* etc. Illustrated. See Cohen, Physio- 
logic Therapeutics, page 17. 

NERVOUS DISEASES. 

DERCUM. Rest* Suggestion, Mental Therapeutics. See Cohen, 
Physiologic Therapeutics, page 17. 

GORDINIER. The Gross and Minute Anatomy of the Central 
Nervous System. With 271 original colored and other Illus- 
trations. Cloth, $6.00; Sheep, $7.00 

GOWERS. Syphilis and the Nervous System. $1.00 

GOWERS. Manual of Diseases of the Nervous System. A 
Complete Text-Book. Revised, Enlarged, and in many parts 
Rewritten. With many new Illustrations. Two volumes. 
Vol. I. Diseases of the Nerves and Spinal Cord. 3d Edition, 

Enlarged. Cloth, $4.00; Sheep, $5.00 

Vol. 11. Diseases of the Brain and Cranial Nerves; General and 

Functional Disease. 2d Ed. Cloth, $4.00; Sheep, $5.00 

GOWERS. Epilepsy and Other Chronic Convulsive Diseases. 
2d Edition. $3.00 

GOWERS. Clinical Lectures. Illustrated. $2.00 

ORMEROD. Diseases of the Nervous System. 66 Wood En- 
gravings. $1.00 

PERSHING. Diagnosis of Nervous and Mental Diseases. Illus- 
trated. $1.25 

PRESTON. Hysteria and Certain Allied Conditions. Their 

Nature and Treatment. Illustrated. $2.00 

WOOD. Brain Work and Overwork. .40 
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NURSING (see also Massage). 

Special Catalogue of Book* for Nurse* sent free upon application. 

CUFF. Lectures to Nurses on Medicine. 4th Edition. $1.25 

DAVIS. Bandaging. Its Principles and Practice. 163 Original 
Illustrations. $1.50 

FULLERTON. Obstetric Nursing. 6th Ed. 45 Illus. $1.00 

FULLERTON. Surgical Nursing. 3d Ed. 60 Illus. $1.00 

GROFF. Materia Medica for Nurses. With Questions for Self- 
Examination. 2d Edition, Revised and Improved. $1.25 

HADLEY. General, Medical, and Surgical Nursing. A very 
Complete Manual, Including Sick-room Cookery* $1 -25 

HUMPHREY. A Manual for Nurses. Including General 
Anatomy and Physiology, Management of the Sick-room, etc. 
24th Edition. 70 Illustrations. $1.00 

STARR. The Hygiene of the Nursery. Including the General 
Regimen and Feeding of Infants and Children, and the Domes- 

- tic Management of the Ordinary Emergencies of Early Life, 
Massage, etc. 6th Edition. 25 Illustrations. $1.00 

TEMPERATURE AND CLINICAL CHARTS. See page 25. 

VOSWINKEL. Surgical Nursing. Second Edition, Enlarged. 
112 Illustrations. $1.00 

WILCOX. Fever Nursing. Illustrated. Just Ready. $1.00 



OBSTETRICS. 

EDGAR. Text-Book of Obstetrics. By J. Clifton Edgar 
m.d., Professor of Obstetrics and Clinical Midwifery, Medical 
Department of Cornell University. New York City, etc. 2d 
Edition, Enlarged and Revised. 1264 Illustrations, of which 
many are in Colors. Ju*t Ready. Cloth, $6.00; Sheep, $7.00 

FULLERTON. Obstetric Nursing. 6th Ed. Illus. $1.00 

LANDIS. Compend of Obstetrics. 7th Edition, Revised by 
Wm. H. Wklls, m.d., Demonstrator of Clinical Obstetrics. 
Jefferson Medical College. 52 Illus. $1.00; Interleaved, $1.25 

WINCKEL. Text-Book of Obstetrics, Including the Pathology 
and Therapeutics of the Puerperal State. Illustrated. $5.00 



PATHOLOGY. 

DANIEL. Laboratory Exercises in Tropical Medicine. Just 
Ready. $4.00 

BLACKBURN. Autopsies. A Manual of Autopsies Designed 
for the Use of Hospitals for the Insane and other Public Insti- 
tutions. Ten full-page Plates and other Illustrations. $1.25 

COPLIN. Manual of Pathology. Including Bacteriology, Tech- 
nio of Post-Mortems, Methods of Pathologic Research, etc. 
330 Illustrations, 7 Colored Plates. 3d Edition. $3.50 
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DA COSTA. Clinical Hematology. A Practical Quide to the 
Examination of the Blood. Six Colored Plates and 48 Illus- 
trations. Cloth, $5.00; Sheep, $6.00 

LAZARUS-BARLOW. Pathological Anatomy. With 7 Colored 
Plates and 171 other Illustrations. $6.50 

LAZARUS-BARLOW. General or Experimental Pathology. 
Illustrated. 2d Edition. Just Ready. $6.50 

MacLEOD. The Pathology of the Skin. Colored and other 

Illustrations. $5.00 

MARTIN. Manual of Pathology. Illustrated. Just Ready. $4.00 

ROBERTS. Gynecological Pathology. Illustrated. $6.00 

THAYER. Compend of Special Pathology. Illustrated. 

$1.00; Interleaved, $1.25 

THAYER. Manual of General and Special Pathology. 131 
Illustrations. 711 pages. 2d Edition. Full Limp Morocco, 
Gilt Edges, Round Corners. $2.50 

VIRCHOW. Post-Mortem Examinations. 3d Edition. .75 

WHITACRE. Laboratory Text-Book of Pathology. With 121 
Illustrations. $1.50 

PHARMACY. 

Special Catalogue of Booke on Pharmacy sent free upon application. 

COBLENTZ. Manual of Pharmacy. A Complete Text-Book by 
the Professor in the New York College of Pharmacy. 2d Ed., 
Revised and Enlarged. 437 Illus. Cloth, $3.50 ; Sheep, $4.50 

COBLENTZ. Volumetric Analysis. Illustrated. $1.25 

BEASLEY. Book of 3100 Prescriptions. Collected from the 
Practice of the Most Eminent Physicians and Surgeons — Eng- 
lish, French, and American. A Compendious History of the 
Materia Medica, Lists of the Doses of all the Officinal and Es- 
tablished Preparations, an Index of Diseases and their Reme- 
dies. 7th Edition. $2.00 

BEASLEY. Druggists' General Receipt Book. Comprising a 
Copious Veterinary Formulary, Recipes in Patent and Pro- 
prietary Medicines, Druggists' Nostrums, etc. ; Perfumery and 
Cosmetics, Beverages, Dietetic Articles and Condiments, Trade 
Chemicals, Scientific Processes, and many Useful Tables. 
10th Edition. $2.00 

BEASLEY. Pharmaceutical Formulary. A Synopsis of the 
British, French, German, and United States Pharmacopoeias. 
Comprising Standard and Approved Formulas for the Prepara- 
tions and Compounds Employed in Medicine. 12th Ed. $2.00 

GREENISH. Microscopical Examination of Foods and Drugs. 
Illustrated. $3.50 

ROBINSON. Latin Grammar of Pharmacy and Medicine. 4th 
Edition. With elaborate Vocabularies. Just Ready. $1.50 

SAYRE. Organic Materia Medica and Pharmacognosy. An 
Introduction to the Study of the Vegetable Kingdom and the 
Vegetable and Animal Drugs. Comprising the Botanical and 
Physical Characteristics, Source, Constituents, and Pharma- 
eopeial Preparations, Insects Injurious to Drugs, and Ph&r- 
macal Botany. With sections on Histology and Microtech- 
nique, by W. C. Stxvmns. 374 Illustrations. Third Edition. 

In Press. 
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SCOVILLE. The Art of Compounding. Third Edition, Re- 
vised and Enlarged. Just Ready. Cloth, $2.50 

STEWART. Compend of Pharmacy. Based upon "Reming- 
ton's Text-Book of Pharmacy." 5th Edition, Revised in 
Accordance with the U. S. Pharmacopoeia, 1890. Complete 
Tables of Metric and English Weights and Measures. 

$1.00; Interleaved, $1.25 

TAVERA. Medicinal Plants of the Philippines. $2.00 

UNITED STATES PHARMACOPOEIA. 7th Decennial Revision. 
Cloth, $2.50 (postpaid, $2.77) ; Sheep, $3.00 (postpaid, $3.27) ; 
Interleaved, $4.00 (postpaid, $4.50); Printed on one side of 
page only, unbound, $3.50 (postpaid, $3.90). 

Select Tables from the U. S. P. Being Nine of the Most Impor- 
tant and Useful Tables, Printed on Separate Sheets. .25 

POTTER. Handbook of Materia Medica, Pharmacy, and Thera- 
peutics. 600 Prescriptions. 9th Edition. 

Cloth, $5.00; Sheep, $6.00 

PHYSIOLOGY. 

BIRCH. Practical Physiology. 62 Illustrations. $1.75 

BRUBAXER. Text-Book of Physiology. With Colored Plates 
and 354 other Illustrations. Just Ready. 

Cloth, $4.00; Sheep, $5.00 

BRUBAKER. Compend of Physiology. 11th Edition, Revised 
and Enlarged. Illustrated. $1.00; Interleaved, $1.25 

JONES. Outlines of Physiology. 96 Illustrations. $1.50 

KIRKES. Handbook of Physiology. 19th Authorised Edition. 
Revised, Rearranged, and Enlarged. By Prof. W. D. Halli- 
burton, of Kings College, London. 681 Illustrations, some of 
which are in colors. Cloth, $3.00 ; Leather, $3.75 

LANDOIS. A Text-Book of Human Physiology. Including 
Histology and Microscopical Anatomy, with Special Reference 
to the Requirements of Practical Medicine. 5th American, 
translated and edited from the last German Edition by A. P. 
Brubaker, M.D., and A. A. Ebhner, M.D. Just Ready. 

Cloth, $7.00; Sheep, $8.00 

STARLING. Elements of Human Physiology. 100 Illus. $1.00 

STIRLING. Outlines of Practical Physiology. Including Chem- 
ical and Experimental Physiology. 3d Ed. 289 Illus. $2.00 

TYSON. Cell Doctrine. Its History and Present State. $1.50 

PRACTICE. 

COHEN. Physiologic Therapeutics. The Treatment of Disease 
by Methods other than Drug-giving. Set page 17. 

FAGGE. Practice of Medicine. 4th Edition, by P. H. Pyb- 
Smith, m.d. 2 volumes. Vol. I, $6.00; Vol. II, $6.00 

FOWLER. Dictionary of Practical Medicine. By various 
writers. An Encyclopaedia of Medicine. 

Cloth, $3.00; Half Morocco, $4.00 
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GOULD AND PYLE. Cyclopedia of Practical Medicine and 
Surgery. A Concise Reference Handbook, with particular 
Reference to Diagnosis and Treatment. Edited by Das. 
Gould and Pyle, Assisted by 72 Special Contributors. Illus- 
trated, one volume. Large Square Octavo, Uniform with 
"Gould's Illustrated Dictionary." 

Sheep or Half Mor., $10.00; with Thumb Index, $11.00 

Half Russia, Thumb Index, $12.00 
JtSt" Complete descriptive circular free upon application. 

GOULD AND PYLE'S Pocket Cyclopedia of Medicine and Sur- 
gery. Based upon the above and Uniform with "Gould's 
Pocket Dictionary." Full Limp Leather, Gilt Edges, Round 
Corners, $1.00; with Thumb Index, $1.25. 

HUGHES. Compend of the Practice of Medicine. 7th Edition, 

Revised and Enlarged. Illustrated. 

Part I. Continued, Eruptive, and Periodical Fevers, Disease 
of the Stomach, Intestines, Peritoneum, Biliary Passages, 
Liver, Kidneys, etc., and General Diseases, etc. 

Part II. Diseases of the Respiratory System, Circulatory 
System, and Nervous System ; Diseases of the Blood, etc. 

Price of each part, $1.00; Interleaved, $1.25 

Physician's Edition. In one volume, including the above two 
parts, a Seotion on Skin Diseases, and an Index. 7th Re- 
vised Edition. Full Morocco, Gilt Edge, $2.50 

ROLLESTON. Clinical Lectures. $1.50 

TAYLOR. Practice of Medicine. 6th Edition. $4.00 

TYSON. The Practice of Medicine. By James Tyson, ma, 
Professor of Medicine in the University of Pennsylvania. 
Complete Systematic Text-book, with Special Reference to 
Diagnosis and Treatment. 3d Edition. Colored Plates and 
125 other Illustrations. Cloth, $5.50 ; Leather, $6.50 

STOMACH. INTESTINES. 

FENWICK. Cancer of the Stomach. Juet Ready. $3.00 

HEMMETER. Diseases of the Stomach. Their Special Pathol- 
ogy, Diagnosis, and Treatment. With Sections on Anatomy, 
Analysis of Stomach Contents, Dietetics. Surgery of the Stom- 
ach, ete. 3d Edition, Revised. With 15 Plates and 41 other 
Illustrations, a number of which are in colors. 

Cloth, $6.00; Sheep, $7.00 
HEMMETER. Diseases of the Intestines. Their Special Path- 
ology, Diagnosis, and Treatment. With Sections on Anatomy 
and Physiology, Microscopic and Chemio Examination of In- 
testinal Contents, Secretions, Feces and Urine, Intestinal 
Bacteria and Parasites, Surgery of the Intestines, Dietetics, 
Diseases of the Rectum, etc. With Full-page Colored Plates 
and many other Original Illustrations. 2 volumes. Octavo. 
Price of each volume, Cloth, $5.00 ; Sheep, $6.00 

SKIN. 

BULKLEY. The Skin in Health and Disease. Illustrated. .40 
CROCKER. Diseases of the Skin. Their Description, Pathol- 
ogy, Diagnosis, and Treatment, with Special Reference to the 
Skin Eruptions of Children. 3d Edition, Thoroughly Revised. 
With New Illustrations. Cloth, $5.00; Sheep, $6.00 

MacLEOD. The Pathology of the Skin. Colored and other 
Illustrations. $5.00 
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SCHAMBERG. . Diseases of the Skin. 3d Edition, Revised and 
Enlarged. 106 Illustrations. Cloth, $1.00; Interleaved, $1.25 

VAN HARLINGEN. On Skin Diseases. A Practical Manual 
of Diagnosis and Treatment, with Special Reference to Differ- 
ential Diagnosis. 3d Edition, Revised and Enlarged. With 
Formula and 60 Illustrations. $2.75 

SURGERY AND SURGICAL DISEASES 
(see also Urinary Organs). 

BERRY. Diseases of the Thyroid Gland. Illustrated. $4.00 

BERRY. Surgical Diagnosis. Just Ready. $2.00 

B1NNIE. Operative Surgery. 500 Illustrations. In Press. 

BURRELL AND BLAKE. Case Teaching in Surgery. Just 
Ready*. .75 

BUTLIN. Operative Surgery of Malignant Disease. 2d Edi- 
tion. Illustrated. Octavo. $4.50 

CASPER AND RICHTER. Functional Kidney Diagnosis. $1.50 

DAVIS. Bandaging. Its Principles and Practice. 163 Original 
Illustrations. $ 1 .50 

DEAVER. Surgical Anatomy. A Treatise on Human Anatomy 
in its Application to Medicine and Surgery. With about 500 
very handsome full-page Illustrations Engraved from Original 
Drawings made by special Artists from Dissections prepared 
for the purpose. Three volumes. Royal Square Octavo. 
By Subscription only. Nov Ready. 

Half Morocco or Sheep. $30.00; Half Russia, $33.00 

DEAVER. Surgical Anatomy of Head and Neck. 177 Full-page 
Plates. Royal Octavo. Half Morocco, $12.00 

DEAVER. Enlargement of the Prostate. Illustrated. In Press. 

DEAVER. Appendicitis : its Symptoms* Diagnosis* Pathology* 
Treatment* and Complications. Elaborately Illustrated with 
Colored Plates and other Illus. 3d Edition. Nearly Ready. 

DOUGLAS. Surgical Diseases of the Abdomen. Illustrated 
by 20 Full-page Plates. Cloth, $7.00; Sheep, $8.00 

DULLES. What to do First in Accidents and Poisoning. 6th 
Edition. New Illustrations. Just Ready. $1.00 

FULLERTON. Surgical Nursing. 3d Ed. 69 Illus. $1.00 

HAMILTON. Lectures on Tumors. 3d Edition. $1.25 

HEATH. Minor Surgery and Bandaging. 12th Edition* Re- 
vised Bnd Enlarged. 105 Illus., Formulae, Diet List, etc. $1.50 
HEATH. Clinical Lectures on Surgical Subjects. $2.00 

HORWITZ. Compend of Surgery and Bandaging. Including 
Minor Surgery* Amputations, Fractures, Dislocations, Surgical 
Diseases, etc., with Differential Diagnosis and Treatment. 5th 
Edition, very much Enlarged and Rearranged. 167 Illus., 98 
Formula. Cloth, $1.00; Interleaved, $1.25 

JACOBSON. Operations of Surgery. 4th Ed., Enlarged. 550 
Illus. Two volumes. Cloth, $10.00; Leather, $12.00 

KEAY. Medical Treatment of Gall-Stones. $1.25 

KEHR. Gall-stone Disease. Translated by William Wotktnb 

Sbtmoub, m.d. $2.50 

LEES. Acute Visceral Inflammations. Just Ready. $1.50 

MAYLARD. Surgery of the Alimentary Canal. 97 Illustrations. 

2d Edition, Revised. $3.00 
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MOULLIN. Text-Book of Surgery. With Special Reference to 
Treat meat. 3d American Edition. Revised and edited by 
John B. Hamilton. m.d., ia.d., Professor of the Principles of 
Surgery and Clinical Surgery, Rush Medical College, Chicago. 
623 Illustrations, many of which are printed in colors. 

Cloth. $6.00; Leather, $7.00 

TAYLOR. Orthopedic Surgery. 300 Illustrations. In Preaa. 

VOSWTNKEL. Surgical Nursing. Second Edition, Revised and 
Enlarged. Ill Illustrations. $1.00 

WALSHAM. Manual of Practical Surgery. 8th Ed., Revised 
and Enlarged. 622 Engravings and 20 Skiagrams. 1227 
pages. $4.50 

WHITING. The Modern Mastoid Operation. Full-p age Pla tes. 

WRIGHT. Surgical Anatomy. Just Ready. $1 .50 

YOUNG. Manual and Atlas of Orthopedic Surgery. Handsomely 
Illustrated. In Preparation. 



TEMPERATURE CHARTS, ETC. 

GRIFFITH. Graphic Clinical Chart for Recording Tempera- 
ture, Respiration, Pulse, Day of Disease, Date, Age, Sex, Occu- 
pation, Name, etc. Printed in three colors. Sample copies 
free. Put up in loose packages of fifty, 60 cts. Price to 
Hospitals, 500 copies, $4.00 ; 1000 copies, $7.50. 

KEEN'S Clinical Charts. Seven Outline Drawings of the Body 
on whioh may be marked the Course of Disease, Fractures, 
Operations, etc. Each Drawing may be had separately, 
twenty-five to pad, 25 cents. 

SCHREINER. Diet Lists. Arranged in the Form of Charts. 

100 Sheets, $1.00; 1000 Sheets, $7.50. 



THROAT AND NOSE (see also Ear). 

COHEN. The Throat and Voice. Illustrated. .40 

HALL. Diseases of the Nose and Throat. 2d Edition, Enlarged. 
Two Colored Plates and 80 Illustrations. $2.75 

HOLLOPBTER. Hay Fever. Its Successful Treatment. $1.00 

KNIGHT. Diseases of the Throat. A Manual for Students. 
Illustrated. $3.00 

KYLE (J. J.). Diseases of the Ear, Nose, and Throat. A Com- 
pend for Students. Illustrated. $1.00; Interleaved. $1.25 

McBRIDE. Diseases of the Throat, Nose, and Ear. With Col- 
ored Illustrations from Original Drawings. 3d Ed. $7.00 

POTTER. Speech and its Defects. Considered Physiologically. 
Pathologically, and Remedially. $1.00 
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URINE AND URINARY ORGANS. 

CASPER AND RICHTER. Functional Kidney Diagnosis. $1.50 

DEAVER. Enlargement of the Prostate. Illustrated. In Press. 

HOLLAND. The Urine, the Gastric Contents, the Common 
Poisons* and the Milk. Memoranda, Chemical and Micro- 
scopical, for Laboratory Urn. Illustrated and Interleaved. 
7th Edition, Enlarged. Just Ready. $1.00 

KLEEN Diabetes and Glycosuria. $2.60 

MEMMINGER. Diagnosis by the Urine. 2d Edition. 24 Illus- 
trations. $1.00 

MORRIS. Renal Surgery, with Special Reference to Stone in the 
Kidney and Ureter and to the Surgical Treatment of Calculous 
Anuria. Illustrated. $2.00 

MOULLIN. Enlargement of the Prostate. Its Treatment and 
Radical Cure. 3d Edition. Illustrated. In Press. 

MOULLIN. Inflammation of the Bladder and Urinary Fever. 
Octavo. $1.60 

TYSON. Bright' s Disease and Diabetes. Including Articles on 
Ocular Manifestations by Prof. G. E. db Schweinitz. 
7 Colored Plates and other Illustrations. 2d Edition, Revised, 
Rewritten and Enlarged. Just Ready. $4.00 

TYSON. Guide to Examination of the Urine. For the Use of 
Physicians and Students. With Colored Plate and Numerous 
Illustrations engraved on wood. 10th Edition, Revised. En- 
larged, and partly Rewritten. With New Illustrations. $1.50 

VANNUYS. Chemical Analysis of Urine. 39 Illus. $1.00 

VENEREAL DISEASES. 

GOWERS. Syphilis and the Nervous System. $1.00 

STURGIS AND CABOT. Student's Manual of Venereal Diseases. 
7th Revised and Enlarged Edition. 12mc. $1.25 

VETERINARY. 

BALLOU. Equine Anatomy and Physiology. 29 Graphic 
Illustrations. $1.00; Interleaved, $1.25 



"We know of no series of books issued by any house that so 
fully meets our approval as these T Quis-Compends?. They are 
well arranged, full and concise, and are really the best line of 
text-books that could be found for either student or practitioner." 
— Southern Clinic. 

BLAKISTON'S ?QUIZ-COMPENDS? 

The Best Series of Manuals for the Use of Students. 

Price of each, Cloth, Sz.oo. Interleaved, for taking Notes* $1.25 

These Compends are based on the most popular text-books 
and the lectures of prominent professors, and are kept constantly 
revised, so that they may thoroughly represent the present state 
of the subjects upon which they treat. The authors have had 
large experience as Quiz-Masters and attaches of colleges, and are 
well acquainted with the wants of students. They are arranged 
in the most approved form, thorough and concise, containing 
nearly zooo illustrations and lithograph plates, inserted wherever 
they could be used to advantage. Can be used by students of 
any college. They contain information nowhere else collected in 
such a condensed, practical shape. 

POTTER. HUMAN ANATOMY. Seventh Edition. 138 Illus- 
trations and 16 Plates of Nerves and Arteries. 

HUGHES. PRACTICE OF MEDICINE. Part L Seventh Edition, 
Enlarged and Improved. Illustrated. 

HUGHES. PRACTICE OF MEDICINE. Part II. Seventh Edition, 
Revised and Improved. Illustrated. 

BRUBAKER. PHYSIOLOGY. Eleventh Edition. Illus. 

LANDIS. OBSTETRICS. Seventh Edition. 62 Illus. 

POTTER. MATERIA MEDICA, THERAPEUTICS, AND PRE- 
SCRIPTION WRITING. Sixth Revised Edition. 

WELLS. GYNECOLOGY. Third Edition. 145 Illus. 

GOULD AND PYLE. DISEASES OF THE EYE. Second Edi- 
tion. Refraction, Treatment, Surgery, etc. 109 Illus. 

HORWITZ. SURGERY. Including Minor Surgery, Bandaging, 
Surgical Diseases, Differential Diagnosis and Treatment. 
Fifth Edition. With 08 Formulae and 71 Illustrations. 

LEFFMANN. MEDICAL CHEMISTRY. Fourth Edition. In- 
cluding Urinalysis, Animal Chemistry, Chemistry of Milk, 
Blood, Tissues, the Secretions, etc. 

STEWART. PHARMACY. Fifth Edition. Based upon Prof. 
Remington's Text-Book of Pharmacy. 

BALLOU. EQUINE ANATOMY AND PHYSIOLOGY. 29 graphic 
Illustrations. 

WARREN. DENTAL PATHOLOGY AND DENTAL MEDICINE. 
Fourth Edition, Illustrated. 

HATFIELD. DISEASES OF CHILDREN. 3d Edition. 

ST. CLAIR. Medical Latin. 2d Edition. Just Ready. 

SCHAMBERG. DISEASES OF THE SKIN. Third Edition, 
Revised and Enlarged. 106 Illustrations. 

CUSHING. HISTOLOGY. Illustrated. Nearly Ready. 

THAYER. SPECIAL PATHOLOGY. 34 Illustrations 

KYLE. DISEASES OF THE EAR. NOSE, AND THROAT. 

85 Illustrations. 
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DA COSTA 



* Clinical Hematology 



A Practical Guide to the Examination of the Blood by 
Clinical Methods. With Reference to the Diagnosis of 
Disease. With Colored .Illustrations. Cloth, #5.00 

*#*A new, thorough, systematic, and comprehensive 
work, its purpose being, first, to show how to examine the 
blood, and second, how to diagnose from such examination 
diseases . of the blood itself and general diseases. The 
author's aim has been to cover not alone the field of original 
research, but to supply a book for the student, the hospital 
physician and the general practitioner. It will be found 
wanting in none of these respects. 



THAYER 

Manual of Pathology 

GENERAL AND SPECIAL 

Second Edition. 1 3 1 Illustrations. 7 1 1 Pages, 
izmo. Full Limp Morocco, Gilt Edges, 
Round Corners, $2.50. 

This book shows evidence of clinical as well as pathologi- 
cal knowledge. It is a practical, concise, up-to date manual 
by a teacher of experience. 
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The Pocket Cyclopedia, of 
Medicine and Surgery 

« -• 

Full Limp Leather, Round Comers, Gilt Edges, $1.00 

With Thumb index, JU5 

Uniform with " Gould's Pockei Dictionary " 



A concise practical volume of nearly 600 
pages, containing a vast amount of infor- 
mation on all medical subjects, including 
Diagnosis and Treatment of Disease, 
with Formulas and Prescriptions, Emer- 
gencies, Poisons, Drugs and Their Uses, 
Nursing, Surgical Procedures, Dose List 
in both English and Metric Systems, etc* 

By Drs. Gould and Pyle 

Based upon their large "Cyclopedia of 
Medicine and Surgery*" Jt jt jt 



* # * This is a new book which will prove of the greatest 
value to students. It is to the broad field of general medi- 
cal information what "Gould's Pocket Dictionary* ' is to 
the more special one of definition and pronunciation of 
words. The articles are concise but thorough, and arranged 
in shape for quick reference. In no other book can be 
found so much exact detailed knowledge so conveniently 
classified, so evenly distributed, so methodically grouped, 
It is Multum in Parvo, Sample Pages Free. 
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A NEW EDITION 



Crocker on the Skin 



The Diseases of the Skin. Their Description, Pathology, 
Diagnosis, and Treatment, with Special Reference to the 
Skin Eruptions of Children. By H. Radcliffe Crocker, 
m.d., Physician to the Department of Skin Diseases, Uni- 
versity College Hospital, London. With new Illustrations. 

Third Edition, Rewritten and Enlarged 

OCTAVO. JUST READY j CLOTH, $5.00 

*k* This new edition will easily hold the high position 
given the previous printings. The author is a member of 
American, English, French, German, and Italian Dermato- 
logical Societies, and a recognized authority the world over. 



STURG1S— MANUAL OF 
VENEREAL DISEASES 



By F. R. Sturgis, m.d., Sometime Clinical Professor of 
Venereal Diseases in the Medical Department of the Uni- 
versity of the City of New York. Seventh Edition, Revised 
and in Part Rewritten by the Author and Follen Cabot, 
m.d., Instructor in Genito-Urinary and Venereal Diseases 
in the Cornell University Medical College'. l2mo. 216 
pages. Cloth, #1.25 

*h* This manual was originally written for students' 
use, and is as concise and as practical as possible. It pre- 
sents a careful, condensed description of the commoner 
forms of venereal diseases which occur in the practice of 
the general physician, together with the most approved 
remedies. 

80 



